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ABSTRACT
VOC ambient samples from the backyards o f Windsor residents during winter and 
summer o f 2005 were used for a source apportionment using the CMB model. For the 
summer samples the major contributors were gasoline exhaust, gasoline vapour, 
architectural coatings and to a lesser extent industrial refineries, diesel exhaust and 
commercial natural gas. For the winter samples the major contributors were commercial 
natural gas, gasoline exhaust, industrial refineries and gasoline vapour.
Spatial patterns o f high and low source contributions were more apparent for the 
winter samples. A correlation between high vehicle emissions and Huron Church Road is 
suggested. The industrial refinery emissions appeared to follow a similar pattern to 
vehicle emissions with higher concentrations along Huron Church Road extending to the 
401 highway. Commercial natural gas emissions appeared to increase along the 
riverfront. Areas o f high architectural coatings contributions appeared to be randomly 
interspersed throughout the city.
iii
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CHAPTER 1
INTRODUCTION
1.1 Background
Volatile Organic Compounds (VOCs) are of serious concern to our environment. 
When emitted into the atmosphere they can react with nitrogen oxides in the presence of 
sunlight to form ozone, which is a very reactive oxidizing gas and can eventually lead to 
the formation o f smog. Ozone is a severe eye, nose, and throat irritant, and can cause 
extensive damage to plants, including leaf discolouration and cell collapse.
Given the damage that VOCs can cause, it is o f great importance to reduce their 
emissions. Organisations such as the Ontario Ministry of the Environment (MOE) and 
other regulatory agencies closely monitor the release of VOCs into the atmosphere.
The City o f Windsor is located in Essex County in south-western Ontario, 
Canada. It has an estimated population o f 216,473 with a land area of 146.9 sq km 
(Statistics Canada, 2007). Windsor plays an integral part in the North American 
automotive industry. The city is dominated by the manufacturing and assembly of 
vehicles and vehicle parts. Daimler Chrysler, Ford and General Motors each have 
automotive plants located in Windsor, all o f which rely on the hundreds of part suppliers 
operating in the city. As a result, a large portion of Windsor’s workforce is exposed to a 
variety o f potentially harmful products used in the automotive industry. Residents are 
also affected through the release o f pollutants into the air and water.
Windsor is located along the Canada-USA border, next to Detroit, Michigan, 
USA. The Ambassador Bridge spanning the Detroit River and linking Canada and the 
U.S, is North America’s number one international border crossing (Michigan Department
1
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of Transportation, 2006). It is also considered to be the busiest trading route in the world, 
handling approximately 25 percent o f all Canada-US trade. The volume of trade and 
international commerce has resulted in an estimated 10,000 trucks crossing the Bridge on 
a daily basis (Ambassador Bridge, 2006).
In order for these trucks to reach the bridge, they must travel along Windsor’s 
Huron Church Road, surrounded primarily by residential areas. As a result of increased
thsecurity concerns common since September 11 2001, border delays often cause trucks to 
line the road with their engines often idling. Residents are therefore being exposed to 
large amounts o f exhaust pollution. The situation is compounded further by the many 
trucks with older or ineffective exhaust systems.
Transboundary air pollution is a major pollution source for Windsor, which is 
located downwind of Detroit, MI and Ohio. Similarly to Windsor, Detroit has a large 
automotive manufacturing industry, making it the so called automotive capital o f the 
world. Many o f the pollutants released in Detroit and the surrounding area are 
transported to Windsor’s air shed and adversely affect the air quality (International Air 
Quality Advisory Board, 1998). The same condition exists for Ohio where large amounts 
o f pollution are released daily from their multiple power generation plants.
The combined effect o f these factors is that Windsor suffers from high levels of 
pollution and poor air quality. Health Canada has labelled Windsor an area of concern. 
Yet very little research has been done on the Windsor area air quality and its contributing 
factors. As a result o f the concern o f local residents and the government over the potential 
poor air quality in border cities, Canada and the USA unveiled a joint strategy known as 
the Border Air Quality Strategy (BAQS) (Environment Canada, 2003). The strategy was
2
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part of an international agreement between the governments of Canada and the US aimed 
at improving border air quality and addressing related health concerns.
As part o f the strategy, several air health effects studies were undertaken in 
Windsor and Detroit. The studies were conducted by Health Canada, Environment 
Canada, the US Environmental Protection Agency (EPA), Michigan Department o f 
Environmental Quality (MDEQ) and the University o f Windsor.
Preliminary results of the BAQS in Windsor indicate a strong association between 
elevated air pollution levels all across the region under certain meteorological conditions 
and regional transport patterns, suggesting contributions o f transboundary pollutants. On 
the other hand, the spatial variability in Windsor observed was large, pointing towards 
contributions by local sources such as traffic and local point sources (Luginaah, 2006).
1.2 Objectives and Scope of Work
One of the studies initiated under the Border Air Quality Strategy was the 
Windsor, Ontario Exposure Assessment Study, by Health Canada and the University of 
Windsor. For this study approximately 50 Windsor families were recruited for 
participation in a personal exposure assessment air quality study. Air sampling was 
conducted in the homes and backyards o f the participants. Personal air sampling 
backpacks were also worn by one resident o f each home. Residential locations were 
chosen based on selection criteria including minimal occupational exposure to pollutants, 
non-smoking residents and single family dwellings.
Species monitored included particulate matter (PM), nitrogen dioxide (NO2), 
ozone (O3) and volatile organic compounds (VOC). The participants were also asked to
3
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wear backpacks with air monitoring equipment in order to measure personal exposure to 
VOCs, PM, NO2 and O3 . This study was conducted at 51 locations for 5 days during 
winter and again in summer of 2005 to identify any seasonal variability o f these air 
pollutants.
This thesis will focus on the outdoor VOC data from the above mentioned study. 
The overall objective o f the project is to determine what local or transboundary sources 
are the major contributors to Windsor’s air quality, and to provide a better estimate of 
personal exposure to air pollutants for Windsor residents. Specific goals include:
• Compile representative source profiles from literature: examine the 
availability, quality, and applicability o f speciated hydrocarbon source profiles 
for use in the analysis;
• Test source profiles using a subset o f the ambient speciated hydrocarbon data, 
evaluate sensitivities to assumptions, and select the optimum set o f source 
profiles and fitting species;
•  Apply the Chemical Mass Balance model (Coulter and Scalco, 2005) to the 
data collected from the outdoor portion o f the “Windsor, Ontario Exposure 
Assessment Study”;
• Interpret results of the analysis: examine model output statistics (source 
contribution estimates, chi-square, R-square); determine seasonal and spatial 
variations in source contributions; compare source apportionment results with 
previous source apportionments and local emission inventories.
• Make recommendations based on the findings to improve the air quality 
experienced by Windsor residents.
4
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CHAPTER 2
LITERATURE REVIEW 
2.1 Volatile Organic Compounds
Volatile Organic Compounds (VOCs) are organic compounds which produce 
vapours at room temperature and pressure. VOCs are defined technically as organic 
compounds having a saturation vapour pressure greater than 10' 1 Torr at 25°C and 
standard atmospheric pressure (MOE, 2000). This class of air pollutants includes 
hydrocarbons and partially oxidized hydrocarbons such as organic acids, aldehydes and 
ketones. VOCs can also include organics containing chlorine, sulphur, nitrogen, or other 
atoms in the molecule (Rafson, 1998).
Hydrocarbons are molecules that consist o f hydrogen and carbon. Hydrocarbons 
having 1 to 4 carbon atoms exist mainly in the gas phase at ordinary temperature and 
pressure. Hydrocarbons with 5 to 12 carbon atoms are dominant in the liquid or solid 
phase at ordinary temperature and pressure. Hydrocarbons with more than 12 carbon 
atoms do not volatilize sufficiently to reach atmospheric concentrations in the gas phase 
(Rafson, 1998).
VOCs can be harmful to the environment and to people’s health. The effects can 
be acute or chronic and can vary greatly depending on the exposure and the toxicity of 
the specific VOC.
2.1.1 Health Effects
Absorption o f toxic chemicals into the body can occur via three different routes of
5
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entry. These include inhalation into the respiratory tract; ingestion into the 
gastrointestinal tract; and dermal absorption of a liquid. Logically, the more volatile the 
compound, the more likely it is to be inhaled. VOCs are most likely to be inhaled in the 
occupational setting. Skin absorption o f the liquid form is also common. Ingestion can 
occur in environmental situations, including water contamination and accidental 
ingestion. The more fat-soluble a compound, the more likely it is to be absorbed into the 
body by all three routes (Rafson, 1998).
The health effects o f organic chemicals vary greatly from those that are highly 
toxic, to those with little known health effect. As with other pollutants, the extent and 
nature of the health effect will depend on numerous factors including exposure intensity 
and duration. Eye and respiratory tract irritation, headaches, dizziness, visual disorders, 
and memory impairment are among the immediate symptoms that some people have 
experienced soon after exposure to some organics. At present, not much is known about 
the health effects that may occur due to the levels o f VOCs usually found in ambient 
environments. While many organic compounds are known to cause cancer in animals, 
some are suspected o f causing, or are known to cause, cancer in humans (U.S. EPA, 
2006a).
2.1.2 Ozone
When VOCs are emitted into the atmosphere they can react with nitrogen oxides 
in the presence o f sunlight to form ozone. Ozone is a very reactive oxidizing gas and 
eventually leads to smog, which in turn is a severe eye, nose, and throat irritant. Eye 
irritation occurs at 100 ppb, and severe coughing occurs at 2.0 ppm. Reductions in lung
6
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functions can occur in as little as five minutes o f exposure to concentrations in the range 
of 20 to 150 ppb. Chronic effects can occur as well. People exposed to seasonally 
elevated concentrations of ozone for years may experience irreversible, accelerated lung 
aging (Cooper and Alley, 2002).
Other effects o f ozone include severe cracking of synthetic rubber and 
deterioration o f textiles, paints, and other materials. Oxidants such as ozone cause 
extensive damage to plants, including leaf discolouration and cell collapse. In 1985, 
ozone damage to crops across the United States was estimated in the range of one billion 
dollars annually at current ambient levels (Cooper and Alley, 2002).
2.1.3 VOC Source Characteristics
There are literally hundreds of VOC sources contributing to the ambient levels 
found today (Watson, 2004). It is important to understand the characteristics of the major 
sources in order to investigate a means of reducing the levels emitted. Accurate and 
effective VOC air sampling cannot be achieved without knowing the types o f species of 
interest. Principle VOC sources include mobile sources, petrochemical production and 
coatings.
For most ambient environments, the largest VOC source is vehicle related 
emissions. Vehicle exhaust consists of a complex mix of chemicals. The most abundant 
VOCs released are ethane, acetylene, 1-butene, iso-butene, propane, propene, isopentane, 
n-pentane, 2,2-dimethylbutane, 2-methylpentane, n-hexane, benzene, 3-methylhexane, 
toluene, ethyl benzene, m&p-xylene, m-ethyltoluene, and 1,2,4-trimethylbenzene 
(Watson, 2004). Diesel and gasoline exhaust can be differentiated by the compounds that
7
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are specific to each source. Acetylene, iso-butene, isopentane, n-hexane, and 2- 
methylhexane, are most abundant in gasoline exhaust. Propene, propane, 2,2- 
dimethylbutane, n-decane, and n-undecane are more abundant in diesel exhaust (Watson, 
2004).
Running and resting losses are two sources o f evaporative loss from vehicles. 
Running losses are releases o f gasoline vapour from the fuel system during vehicle 
operation as a result of the heating o f the fuel tank. Vapours are released when the rate of 
fuel vapour formation exceeds the capacity of the vapour storage and purge systems. 
Resting loss evaporative emissions are due to migration of fuel vapours from the 
evaporative canister, from leaks, and from fuel permeation through joints, seals, and 
polymeric components o f the fuel system. Most o f these losses will tend to appear more 
like whole liquid gasoline (Fujita and Lu, 1998).
Liquid gasoline is a source of VOCs generally considered to represent the 
additional unbumed gasoline (due to misfiring and other engine malfunctions) that is not 
included in the exhaust category, plus evaporative emissions from gasoline spills, hot 
soaks, and some portion of resting losses (e.g. leaks, permeation) (Fujita and Lu, 1998).
Liquid and evaporated gasolines have compositions similar to gasoline exhaust 
with some notable differences. The source profiles for both liquid and evaporated 
gasoline contain less o f the combustion products such as ethane, ethene, and acetylene 
present in gasoline exhaust. Evaporated gasoline profiles are enriched in isobutane, n- 
butane, t-2 -butene, and isopentane and lack some of the heavier hydrocarbons that 
volatize more slowly from liquid fuels (Watson, 2004).
Petrochemical production, such as industrial refineries and coke ovens can be a
8
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large VOC contributor in some areas. However the most abundant species, ethane, 
propene, propane, n-pentane, t-2 -henxene, benzene, n-heptane, toluene, and n-octane, 
overlap with liquid and evaporated gasoline vapours making the sources difficult to 
distinguish (Watson, 2004).
Another major source of VOC emissions are solvents from paints and industrial 
uses. These emissions contain less of the species common to fuel use and production, 
and contain larger abundances of styrene and n-decane. However, there are many 
different types o f solvents used and their emissions differ substantially. There are few 
reported profiles available for solvent use. This is also the case for printing ink solvents. 
These emissions are enriched in styrene, n-nonane, and 1,2,4-trimethylbenzene. Again, 
there is great variability between printing facilities (Watson, 2004).
Categories commonly used to represent various solvents are architectural coatings 
and graphic arts. Architectural coatings are coatings applied to stationary sources and 
their accessories, to portable buildings, to pavements, or to curbs (California Air 
Resources Board, 2006). Graphic arts are defined as any packaging or publication 
rotogravure or flexographic printing operations or related coating or laminating processes 
(California Air Resources Board, 1994).
Biogenic VOC emissions are released from trees and shrubs. They consist of 
isoprene and monoterpenes such as a-pinene and P-pinene and are usually only of 
significance in forested areas (Watson, 2004).
Small amounts o f VOCs have also been found from other sources. They include 
vegetative burning, petroleum fires, household products, indoor building materials, and 
hot asphalt application (Watson, 2004).
9
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2.2 Air Quality Models
The two most common approaches to assessing and solving air quality issues are 
dispersion and receptor modelling. Dispersion models are based on mathematical 
formulations to characterize the atmospheric processes that disperse a pollutant emitted 
by a source. The models predict pollutant concentrations at selected downwind receptor 
locations, using emissions and meteorological inputs. They are most commonly used in 
the permitting process to estimate the concentration o f pollutants at specified ground- 
level receptors surrounding an industrial facility emission source. Companies often use 
dispersion models to determine compliance with Ministry of the Environment Standards, 
and other regulatory requirements (US EPA, 2006b).
Receptor models can be used to identify and quantify the sources contributing to 
measured air pollutants at a receptor location, through the use o f mathematical or 
statistical tools. Unlike dispersion models, receptor models do not use pollutant 
emissions, meteorological data or chemical transformation mechanisms to estimate the 
contribution of sources to receptor concentrations. Instead the models use the chemical 
and physical characteristics of gases and particles measured at source and receptor (US 
EPA, 2006b). Receptor modeling can be an expensive option since it requires air 
monitoring at several different locations. Different types of receptor models include the 
Positive Matrix Factorization, Unmix and Chemical Mass Balance models.
2.2.1 Positive Matrix Factorization Model
The Positive Matrix Factorization (PMF) model requires inputs of concentrations 
o f different species at different times; typically every hour or every day. The model
10
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outputs a set o f profiles and a time series o f contributions for each of the profiles using a 
constrained weighted least squares approach. The PMF model is menu-driven using 
Graphical User Interfaces and therefore eases inputting of data and exporting of results. 
However, it is still in its development phase and is currently being tested and reviewed by 
researchers at the Unites States Environmental Protection Agency (US EPA). The 
researchers are looking to expand the model to allow more user control options (US EPA, 
2006c).
Potentially the greatest problem with the PMF model is the level o f difficulty in 
applying the model. The theory behind the model is difficult to understand, making it 
difficult to fully comprehend the results. The model outputs a set o f profiles with a time 
series of contributions. However once the source profiles are generated, the user must 
review all applicable emission inventories to recognize the sources. This can make the 
model difficult to apply and can often result in only limited success. As well, there is no 
means o f calculating the error associated with identification o f the sources. A major 
benefit o f the model however, is the less intensive input requirements compared with 
many other receptor models.
2.2.2 Unmix Model
The Unmix model is named so because it “un-mixes” receptor concentrations of 
chemical species in the air to identify the contributing sources. The model mathematics 
are based on a form of factor analysis. Unmix is unique because it contains physically 
meaningful constraints which are intended to remove the ambiguity o f the multiple 
solutions that are characteristic o f ordinary factor analysis. A selection o f species is
11
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inputted and Unmix estimates the number o f sources, the source compositions, and 
source contributions to each sample. Like the PMF model, source profiles are not 
required, but instead are generated from the ambient data. The model includes a user- 
friendly interface for entering input data and selecting variables, as well as for analysis 
and display o f results (US EPA, 2006d). Despite these benefits, the Unmix model suffers 
the same difficulties as the PMF model in interpreting the output data. The generated 
profiles can be difficult to identify with variable success. Both the Unmix model and the 
PMF model are most often used for source apportioning particulate matter.
2.2.3 Chemical Mass Balance Model
The Chemical Mass Balance (CMB) model is a receptor model used to predict the 
contributions o f a chemical by various sources to measured data (Coulter, 2004; Watson, 
2004). The model expresses each receptor chemical concentration as a linear sum of 
products o f the contribution from each source and the fraction o f the chemical in the total 
emissions from each source. For each run o f CMB, the model fits speciated data from a 
specified group of sources to corresponding data from a particular receptor.
Inputs to the model are chemical composition profiles for likely sources and the 
chemical composition o f receptor concentrations. The uncertainty estimates for both the 
source profiles and the receptor concentrations are also required. The model output 
consists o f the amount contributed by each source type to the total mass, as well as to 
each chemical species. The model also calculates the uncertainties o f the source 
contributions. Input data uncertainties are used both to weight the importance o f input 
data values in the solution and to calculate the uncertainties of the source contributions
12
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(Coulter, 2004; Watson, 2004).
CMB is applicable to multi-species data sets, the most common of which are 
chemically characterized particulate matter (PM) and VOCs. The results are used to 
determine how much each different source contributes to ambient concentrations at each 
location (Watson, 2004).
The model was first developed over three decades ago and is well documented 
and reviewed by researchers across the globe. The mathematics are fairly simple and 
easy to understand and the software is manageable for novice modellers. Although the 
required inputs can be labour intensive to compile and process, the model outputs are 
straightforward and require a reasonable amount o f effort to interpolate.
2.3 Chemical Mass Balance Model In-depth
2.3.1 Model History
The Chemical Mass Balance receptor model was first developed by Hidy and 
Friedlander (1971), Winchester and Nifong (1971), and Kneip et al. (1972). Instead of 
using full source profiles with all o f the species involved in the calculations, only unique 
chemical species associated with each source were used in the model. This was called 
the “tracer “solution. Friedlander (1973) developed the ordinary weighted least-squares 
solution for the CMB equations. This new solution was beneficial in that it did not 
require a unique species in each source and it provided estimates o f uncertainties 
associated with the source contributions. However, the uncertainties o f the source 
profiles were still not being considered in the solution.
In addition to the science o f the CMB model, the model code has evolved
13
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significantly over the last three decades. In 1978 John Watson programmed the first 
interactive user-oriented software for the CMB model in FORTRAN IV on a PRIME 300 
minicomputer (Watson, 1979). After 6 versions o f the model, the seventh version, 
CMB7 (Watson et ah, 1990; US EPA, 1990), was written in a combination of the C and 
FORTRAN languages for the DOS operating system. With Microsoft Windows 
becoming the most widely used operating system, CMB8 (Watson et al., 1997) created a 
user interface for CMB7 calculations using the Borland Delphi object oriented language. 
Further updates and corrections have resulted in the most recent edition of the CMB 
model, CMB8.2 (Coulter, 2004; Coulter and Scalco, 2005).
2.3.2 Mathematics
The fundamental equation in the CMB model is
where Fy, the known source profile, is the fraction o f emissions from source j  that is 
composed of compound i. Sjk is the contribution of source j  to the measured VOC 
concentrations for sample k  (Miller et ah, 2002). In order to obtain a unique solution to 
these equations, the number o f chemical species I must be greater than or equal to the 
number o f sources J.
Several solutions have been developed for the CMB equations, however the 
effective variance weighted least squares solution developed by Watson et ah (1984) is 
almost universally applied (Watson, 2004). There are several reasons for this method’s 
widespread use:
J
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• it theoretically yields the most likely solutions to the CMB equations, 
providing model assumptions are met;
• it uses all available chemical measurements, not just “tracer” species;
• it analytically estimates the uncertainty o f the source contributions based 
on the uncertainty o f both the ambient concentrations and source profiles;
• it gives greater influence to chemical species with lower uncertainty 
estimates in both the source and receptor measurements than to species 
with higher uncertainty estimates.
The method solves the CMB equations for the /  compounds in a sample 
simultaneously by an effective variance least squares estimate, in which the weighted
where OEik is one standard deviation of the measured exposure concentration of
compounds i in emissions from source j .  The effective variance, F,*, is adjusted 
iteratively as estimates o f the Sjk s are refined (Miller et ah, 2002).
sum of squared differences (xk)  between the measured and modeled concentrations is
minimized (Miller et al., 2002).
vik
where
compound i for sample k and cjFik is one standard deviation o f the measured fraction of
15
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2.3.3 Source Profiles
Source profiles are the mass abundances or the fraction o f total mass, o f a 
chemical species in source emissions (Watson, 2004). Profiles o f all potential sources are 
required as input in the CMB model.
When conducting a source apportionment, source profiles can be developed by 
the researcher specifically for the study. This involves taking samples directly from the 
source, analysing the samples, and creating the profile. The profile must allow for 
chemical and physical transformations that occur from source to receptor. Either the 
samples must be taken after the transformations occur or the sample analysis must be 
adjusted to account for these changes.
Source profile development is an extensive process and can be time and resource 
intensive. A more common approach in source apportionments is to use pre-existing 
source profiles. However, much care must be taken in choosing profiles suitable for the 
study location. Sources can differ substantially for the same process depending upon the 
region (i.e. regulatory and climatic effects) and specifics of the process. For example 
gasoline compositions vary with location and time of year (Watson, 2004).
Source profiles are intended to represent a category of source rather than 
individual emitters. If two source profiles are too similar the CMB model cannot 
distinguish between them. This is termed collinearity, which means that one or more of 
the CMB equations are redundant, thus the set of equations cannot be solved. 
Collinearity in source profiles often leads to very high standard errors on source 
contributions (Watson, 2004).
When selecting source profiles to include in a source apportionment, emission 
inventories should be examined for the study location. In order to avoid collinearity
16
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between the sources, similar sources should be grouped into more generalised categories. 
Watson (2004) gives the example of separate entries for power generation, industrial, and 
institutional coal combustion in emission inventories. Since these combustion processes, 
and often the coal, are similar in a given airshed, it is unlikely that their contributions can 
be distinguished by CMB and they must be combined into a “coal-burning category.”
2.3.4 Source Profile Normalization Options
The necessary source profiles as input files for the CMB model must be 
normalized or scaled to a common property in the emissions from all sources. The 
normalization procedure is one in which the measured concentrations are expressed as 
ratios (i.e. fractional abundances). VOC fractional abundances have been normalized by 
1) total non-methane hydrocarbons (NMHC); 2) the sum of the most abundant 
compounds in the chromatogram, which varies depending on the investigator; 3) the sum 
of all sampler (e.g. canister) measurements; 4) the sum of all VOCs measured from all 
applied methods; and 5) the sum of the 55 PAMS (Photochemical Assessment 
Monitoring Stations) target hydrocarbons (Watson, 2004).
These different normalization procedures preclude comparability and use of 
profiles from different studies. Meaningful comparison of CMB results with emission 
inventories requires a common reference. The CMB Protocol recommends using the sum 
of the 55 PAMS target hydrocarbons as the common normalization standard for source 
profiles (Watson, 2004). The majority o f current source profiles available are already 
normalized to the PAMS compounds.
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2.3.5 Fitting Species
Fitting species are the species chosen to be used in the calculation o f source 
contribution estimates. Species not included in this calculation are termed floating 
species. The comparison of calculated and measured values for floating species is part of 
the CMB model validation process.
Fitting species should be chosen that are major or unique components o f the 
source types influencing the receptor concentrations (Coulter, 2004). Those chosen must 
also be consistently measured above their detection limits and consistently identified by 
the analysis equipment (i.e. not reported unknown) (Fujita and Lu, 1998).
A more constraining prerequisite for fitting species stems from an assumption of 
the CMB model - the relative proportions of chemical species should change little 
between source and receptor. Most ambient VOCs are oxidized in the lowest 2 km of the 
troposphere with atmospheric lifetimes ranging from hours to several months (Fujita and 
Lu, 1998). To account for the short atmospheric lifetimes o f many VOCs, many 
researchers only include species with low reactivities as fitting species (Scheff et al., 
1996; Fujita and Lu, 1998).
2.3.6 Assumptions
The CMB model assumptions as given in the model protocol are (Watson, 2004):
1. compositions o f source emissions are constant over the period of ambient 
and source sampling;
2 . chemical species do not react with each other;
3. all sources with a potential for contributing to the receptor have been
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
identified and have had their emissions characterized;
4. the number o f sources or source categories is less than or equal to the 
number o f species;
5. the source profiles are linearly independent o f each other;
6. measurement uncertainties are random, uncorrelated, and normally 
distributed.
The six assumptions are fairly restrictive and they will hardly ever be totally 
complied with in actual practice. The model can however, tolerate reasonable deviations 
from these assumptions, although the source contribution estimate uncertainties will rise 
accordingly.
With regard to Assumption 1, source profiles are not always constant over the 
period o f sampling, nor are they always constant between sources o f the same type. 
Variations can occur due to transformations and deposition of species between source and 
receptor; differences in fuel and operating processes between sources or over time; and 
differences between the source profile measurement techniques (Watson, 2004).
Javitz et al. (1988) experimented with Assumption 1 using receptor 
concentrations with known source contributions. The authors randomly perturbed source 
profiles and varied the number o f sources modeled between four and ten. Javitz et al. 
demonstrated that the error in the estimated source contributions due to biases in a source 
profile is in direct proportion to the magnitude of the biases. The magnitude of the 
source contribution errors was found to decrease as the difference between the number of 
species and sources increased. The modeller should therefore strive to reduce the number 
of sources and increase the number o f species wherever possible. In other words, similar
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sources should be grouped into more generalised categories, and as many species should
be measured as possible.
In terms o f Assumption 2, source profiles must account for chemicals reacting 
between source and receptor. The atmospheric lifetime o f many VOCs is short, 
especially during the summer months when chemical reactions and changes between 
species can often occur. Source profiles must be aged accordingly to account for these 
changes (Watson et al., 2001). Vehicle exhaust tunnel measurements for example allow 
for aging o f emissions before sampling. As mentioned previously, most researchers only 
include species with low reactivities as fitting species in order to account for the short 
atmospheric lifetimes of many VOCs (Fujita and Lu, 1998, Scheff et al., 1996).
Including all contributing sources in the model, Assumption 3, is crucial to 
obtaining accurate results. Watson (1979) experimented with this assumption by varying 
the number of sources contributing to his simulated data between four and eight 
contributors while solving the model assuming only four sources. Watson found little 
effect on the calculated source contributions if the number o f sources was 
underrepresented and the primary species contributed by the missing sources were 
excluded from the solution. However when the primary species were included, the 
contributions o f sources with similar species to the missing sources were overestimated.
When sources actually present were excluded from the model, the ratios of 
calculated to measured concentrations were often found to be unacceptable. The total 
calculated mass was also much less than the total measured mass. The low calculated to 
measured ratios indicated which species were not being accounted for and suggested 
inclusion of the sources containing these species.
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When the number of sources was overrepresented, the sources not actually present 
gave contributions less than their standard errors if  their source profiles were significantly 
different from those o f other sources. The standard errors of the sources actually present 
were found to decrease under this scenario.
Watson’s experiments demonstrate to the modeller the importance o f including all 
sources with a possibility o f being a contributor to the ambient samples. It is better to 
start off with an overestimation of sources rather than the reverse. The sources not 
actually present can be identified by contributions lower than their standard errors and 
can be eliminated. If the user is finding low calculated to measured ratios, one or more 
sources may be missing that contain the species with low ratios.
Assumption 4 states that the number of sources must be less than the number of 
species. However in reality there are far more sources contributing to a given airshed 
than there are species. Therefore similar sources must be grouped into categories of 
sources rather than individual emitters.
In regards to Assumption 5, the sources required to model an airshed accurately 
will always have some level of collinearity. The degree of collinearity depends on the 
number of sources contributing to influential fitting species, the relative contributions 
from sources with similar profiles, and the variability of species abundances in the 
profiles (Watson, 2004). These conditions vary between samples; hence it is not possible 
to confirm the collinearity o f two profiles before applying them to a specific sample.
An example is Lowenthal et a /.’s (1992) work with vehicle exhaust. Lowenthal et 
al. showed that diesel and gasoline vehicle exhaust were non-collinear in a simple airshed 
where they were the major source of carbon. However, when a vegetative burning
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contribution was present the diesel and gasoline exhaust profiles became too collinear to
allow discrimination of their contributions (Watson, 2004).
Every least squares solution to the CMB equations requires the randomness, 
normality, and the uncorrelated nature of measurement uncertainties as stated in 
Assumption 6 (Watson et al., 1984). However, very little is known about the distribution 
o f errors for the source compositions and the ambient concentrations and there are few 
results available from verification or evaluation studies (Watson, 2004). This assumption 
still requires further evaluation to determine the effects o f its deviations.
2.3.7 Outputs and Performance Measures
The CMB model has many outputs and performance measures as described in the 
CMB Protocol (Watson, 2004) and summarised in this section. Source contribution 
estimates are the main output o f the CMB model. The sum of these concentrations 
approximates the total mass concentrations. Negative source contribution estimates are 
not physically meaningful, but can occur when a source profile is collinear with another 
profile or when the source contribution is close to zero.
The standard errors are the uncertainty o f the source contribution estimates, 
expressed as one standard deviation. They reflect the uncertainty o f the ambient data, the 
source profiles, and the amount o f collinearity among different profiles. The standard 
error is estimated by propagating the uncertainty estimates of the receptor data and source 
profiles through the effective variance least-squares calculations. There is about a 66% 
probability that the true source contribution is within one standard error and about a 95% 
probability that the true contribution is within two standard errors of the source
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contribution estimate.
The T-statistic (Tstat) is the ratio of the source contribution estimate to the 
standard error. A Tstat value less than 2.0 indicates that the source contribution estimate 
is at or below a detection limit. Low Tstat values for several source contributions may be 
caused by collinearities among their profiles. A high Tstat suggests a nonzero source 
contribution estimate.
“J  0The chi square (% ), R , and percent mass are goodness of fit measures for the
j
least-squares calculation. R is determined by the linear regression o f the measured 
versus calculated values for the fitting species. R ranges from 0 to 1. The closer the 
value is to 1.0, the better the source contribution estimates explain the measured 
concentrations. An R2 less than 0.8 indicates the source contribution estimates do not 
explain the receptor concentrations very well with the selected source profiles.
The x is the weighted sum of squares o f the differences between calculated and 
measured fitting species concentrations. It is similar to R2 except that it also considers 
the uncertainties o f the calculated species concentrations. The weighting is inversely 
proportional to the squares of the precision in the source profiles and ambient data for 
each species. Ideally, there would be no difference between calculated and measured 
species concentrations and %2 would be zero. A value of less than one indicates a very 
good fit to the data, while values greater than 4 indicate that one or more o f the fitting 
species concentrations are not well explained by the source contribution estimates. The 
X2 values exceed their targets when: 1) contributing sources have been omitted from the 
CMB calculation; 2) one or more source profiles have been selected which do not 
represent the contributing source types; 3) uncertainty estimates o f receptor or source
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profile data are underestimated; and/or 4) source or receptor data are inaccurate.
Percent mass is the percent ratio of the sum of model-calculated source 
contribution estimates to the measured mass concentration. This ratio should equal 
100%, though values ranging from 80 to 120% are acceptable due to uncertainty in the 
percentage contribution o f each source. However, percent mass should always be used in 
conjunction with other performance measures because a poor fit can sometimes force a 
high percent mass.
The degrees o f freedom equal the number of fitting species minus the number of 
fitting sources. The degrees of freedom are needed when statistical significance tests are 
applied to the chi-square value. Solutions with larger degrees o f freedom are typically 
more stable than ones with small degrees of freedom. A degree o f freedom greater than 5 
is considered acceptable. The degrees o f freedom is needed when statistical significance 
tests are applied to the chi-square value.
The ratios o f the calculated chemical concentrations to the ambient species 
concentrations and its uncertainty are used to identify species that are over or under 
accounted for by the model. Ratios that deviate from 1.00 by more than two uncertainty 
intervals indicate that an incorrect set o f profiles is being used to explain the measured 
concentrations.
The ratios o f the signed difference between the calculated and measured 
concentration (i.e. the residual) divided by the uncertainty o f that residual (i.e. square root 
o f the sum of the squares o f the uncertainty in the calculated and measured 
concentrations) are used to identify species that are over or under accounted for by the 
model. The ratio R/U specifies the number of uncertainty intervals by which the
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calculated and measured concentrations differ. When the absolute value o f the ratio R/U 
exceeds 2, the residual is significant. If it is positive, then one or more o f the profiles is 
contributing too much to that species. If it is negative, then there is an insufficient 
contribution to that species and a source may be missing. The sum of the squared ratio 
R/U for fitting species divided by the degrees o f freedom yields the Chi-Square. The 
higher ratio R/U values for fitting species are the cause of a high Chi-Square value.
The Modified Psuedo Inverse Matrix (MPIN) shows which species most influence 
the source contribution estimate corresponding to each profile. It is examined to 
determine whether the logical marker species are having the most influence on the 
apportionment. MPIN is normalized such that it takes on values from -1 to 1. Species 
with absolute values between 0.5 and 1.0 are considered influential species. Non- 
influential species have absolute values of 0.3 or less. Species with absolute values 
between 0.3 and 0.5 are ambiguous but should generally be considered non-influential 
(Coulter, 2004).
The Species Source Contribution shows the fraction o f each measured species 
concentration that is accounted for by the calculated species for each source. This can be 
> 1.0 for a particular source if  that species is over-accounted for by the fit. It is used to 
identify the sources which are accounting for particular species.
Table 2-1 summarises the primary CMB outputs and performance measures as 
explained in the CMB manual and protocol (Coulter, 2004; Watson, 2004). For more 
detailed descriptions and equations of the statistical measures used in the CMB model, 
the reader can refer to Miller and Freund’s Probability and Statistics for Engineers 
(Johnson, 2005).
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Table 2-1: CMB Performance Measures (Adapted from Coulter, 2004 and Watson, 2004)
Output Abbreviation Description Target
Source
Contribution
Estimate
SCE Contribution from the source type to the profile normalizing component 
(Units designated by modeller).
Standard Error Std Err The uncertainty o f the source contribution estimate (SCE), expressed as one 
standard deviation o f the SCE.
Std Err «  SCE
t-Statistic Tstat Ratio o f the SCE to its Std Err. A high Tstat suggests a nonzero SCE. > 2 .0
R-square R2 Variance in ambient species concentrations explained by the calculated 
species concentrations. Ranges from 0 to 1.0.
o10©©
Percent Mass 
Accounted
% Mass The sum o f SCE divided by the total mass or VOC concentration. 100% ± 20%
Degrees of 
Freedom
DF The number o f  species in fit minus number o f sources in fit. > 5
Chi-square x2 Chi-Square is the square root o f the sum o f the squares o f the Ratio R/U that 
correspond to fitting species divided by the DF.
0 - 4 .0
Ratio o f Calculated 
to Measured 
Species
Calculated
Measured
Ratio o f the calculated chemical concentrations to the ambient species 
concentrations and its uncertainty.
0 .5 -2 .0
Ratio o f Residual 
to its Uncertainty
Residual 
Uncertainty 
or R/U
Ratio o f the signed difference between the calculated and measured 
concentration (i.e. the residual) divided by the uncertainty o f that residual 
(i.e. square root o f the sum of the squares o f the uncertainty in the calculated 
and measured concentrations).
|<2.0 |
Modified Psuedo 
Inverse Matrix
MPIN Shows which species most influence the source contribution estimate 
corresponding to each profile.
|0.5-1.0| = 
influential
Species -  Source 
Contribution
SSCONT Shows the fraction of each measured species concentration that is accounted 
for by the calculated species for each source or source category.
26
2.3.8 Sensitivity Tests
Sensitivity tests should be performed on the CMB estimates to see how sensitive 
they are to changes in the input data. This can be done by introducing changes into the 
source profiles and/or receptor concentrations and rerunning the model for each change. 
Source contribution estimates are considered unstable if the CMB estimates change by 
more than one standard error and are an indication that the model may not be providing 
stable results (Watson, 2004).
There are two types of sensitivity tests recommended by the CMB Protocol. In 
the first test several species from a source or sources o f particular interest are selected 
and assigned worst case values to the uncertainties o f those species. The model is then 
rerun with the worst case profiles and compared with the original results. If the source 
contribution estimates change by more than the calculated standard error, then the model 
may be sensitive to changes in the source profiles and the results may be unstable 
(Watson, 2004).
A second sensitivity test worthy o f consideration involves testing the sensitivity 
of the receptor concentrations. This is best done with the use o f collocated chemical 
measurements from one o f the sampling sites. If nearly equivalent source contribution 
estimates are derived from these two independent measurements o f the same ambient air, 
then the receptor data are not likely causing instabilities in the CMB results (Watson,
2004).
If  collocated samples are not available, portions o f the input data may be 
perturbed randomly or systematically. The concentrations o f selected species from 
sources o f interest can be changed by one uncertainty interval and then rerun in the
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model. The source contribution estimates should not change by more than one standard 
error in response to the changes if the results are stable. If the results are unstable, the 
validity o f the CMB result for that particular data set is questionable (Watson, 2004).
Examining the MPIN weights can be useful for determining which species are 
most influencing the contribution estimates for each source. These species can then be 
chosen for use in the sensitivity tests (Coulter, 2004).
2.4 Brief Review of VOC Source Apportionment Studies
Kenski et al. (1995) used the chemical mass balance model to analyze part o f a 
speciated hydrocarbon data set collected in by Seila and Lonneman (1988). The data is a 
collection o f ozone precursors from 39 different cities. However Kenski et al.’s analysis 
focused on only five o f those cities: Detroit MI, Chicago IL, Beaumont TX, Atlanta GA 
and Washington D.C.
The Detroit samples were collected with 6L canisters on weekdays from June 
through September 1988. Samples were collected for 1 hour, five times a day: 6 am, 8 
am, 12 pm, 2pm, and 10 pm at one location downtown with analysis by gas 
chromatography. Table 2-2 shows the results o f the Detroit source apportionment using 
the CMB model. The results are compared with a 1987 emission inventory for the area.
28
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 2-2: Results of Kenski et al.’s CMB Detroit Study (1995) and 1987 Detroit
Emission Inventory
Source Emission Inventory (% ) CMB Calculated (% )
Vehicle Exhaust 33 28
Gasoline Vapour 7.0 9.4
Archit. Coatings 3.8 2.5
Graphic Arts 0.7 4.7
Industry Refinery 0.7 17
Coke Oven 2.0 3.7
Other 39 35
Kenski et al. (1995) suspected that some of the 35% mass that was unexplained 
by the CMB model were from industrial coatings. An industrial coatings profile was not 
included in the model because a reliable profile could not be found. Agreement between 
the model and the emission inventory was quite good. The greatest difference was the 
industrial refinery estimates. Kenski et al. argues that the CMB results are more accurate 
and that emissions from industrial refineries are under reported in emission inventories.
Scheff et al. (1996) performed a CMB source apportionment of VOCs in 
Southeast Michigan. A total of 97 2-hour average samples were taken 3 times per day for 
8 days in July and August 1993. The samples were taken at 5 locations in and around 
Wayne County, MI and analysed by gas chromatography. The results of the source 
apportionment using the CMB model are shown in Table 2-3 along with a 1993 local 
emission inventory for comparison.
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Table 2-3: Results of Scheff et al.’s CMB study (1996) and 1993 Wayne County
Emission Inventory
Source Emission Inventory % CMB Calculated %
On-road Vehicles 30.0 \ 38.4 \
Off-road Vehicles 7.73 >46.8 >46.3
Liquid Gasoline - / 6.1 /
Gasoline Vapour 9.06 ' 1.8 >
Architectural Coatings 6.34 4.9
Graphic Arts 0.64 4.1
Industrial Refinery 0 7.0
Coke Ovens 1.88 2.9
Other 44.3 33.3
The categories o f sources for the CMB model and the emission inventory are 
slightly different. However when vehicles and gasoline are combined, the CMB results 
are very similar to the emission inventory; 46.3% and 46.8% respectively. Similarly to 
Kenski et al.’s (1995) study, the CMB model’s prediction of industrial refineries is much 
higher than the emission inventory. Scheff et al. (1996) also suggest that the CMB 
estimate is more accurate and the emission inventory value is due to under reporting of 
industrial refinery emissions.
Fujita and Lu (1998) performed an extensive VOC source apportionment study of 
the Northeast US. Approximately 600 samples were collected during July and August of 
1995. Sampling collection included a mixture o f three-hour and six-hour canister 
samples taken throughout the day and night with analysis by gas chromatography. The 
study area included all o f New England and stretched as far west as Ohio and as far south 
as southern Virginia. Sampling was focussed within and just to the west of the urban 
corridor running from Washington, DC to Boston. In addition to the samples made 
specifically for this study, approximately 15 000 samples were included from local air 
pollution control agencies and Photochemical Assessment Monitoring Sites (PAMS).
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These included 3-hour canister and cartridge samples with analysis by gas 
chromatography. This study is highly endorsed and featured in the CMB Protocol 
(Watson, 2004) and is used as the model test case.
Table 2-4 gives the results of the CMB model source apportionment by Fujita and 
Lu (1998) Coatings were not included as a source because the author felt the available 
profiles were too variable and unreliable. Fujita and Lu also found the coatings profiles 
were collinear with diesel exhaust.
Table 2-4: Results of Fujita and Lu CMB Study (1998)
Category CMB Calculated (%)
Gasoline Exhaust 40
Diesel. Exhaust 17
Gasoline Vapour 17
Liquid Gasoline 7
CNG 9
LPG 4
Biogenic 4
Other 2
2.5 MOEE: Windsor Air Quality Study
In 1994 the Ontario Ministry o f the Environment and Energy (MOEE) published a 
large air quality study focussed on Windsor (MOEE, 1994). The study’s objectives were 
to determine what and how much airborne toxics were in Windsor’s airshed; where the 
toxics were coming from; and how the toxics were affecting the health of Windsor 
residents.
A detailed 1990 emission inventory was compiled through an industrial survey of 
major stationary sources in the Windsor area and through the collection of statistics on
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various background sources. Five VOC species were inventoried: benzene, 1,3- 
butadiene, formaldehyde, chloroform and carbon tetrachloride. Table 2-5 summarises the 
findings o f the emission inventory.
Table 2-5: MOEE 1990 Windsor Emission Inventory: VOCs (MOEE, 1994)
Category % Total VOCs
Food Point Sources 42.5
Gasoline Motor Vehicles 21.7
Diesel Motor Vehicles 0.9
Automotive Industry 15.8
Stationary Fuel Combustion 6.5
Consumer Products and Solvents 3.8
Other 8.8
The large percentage attributed to food point sources is almost entirely a result of 
alcohol evaporative losses from the Walker’s brewery storage facility located in the east 
end of Windsor. The stationary fuel combustion category includes industrial, 
commercial, residential and fuel wood. The residential and fuel wood were the primary 
contributors. The consumer product emissions include household, automotive, 
cosmetics, paint application and other consumer solvents and products. Paint application 
was the largest contributor to this category.
The numbers given in the emission inventory represent what is being emitted into 
the air by Windsor sources. They do not necessarily represent what is actually in 
Windsor’s airshed as emissions can travel from other cities. An emission inventory for 
Detroit and the surrounding area was compiled based on Engineering Science emission 
inventory databases. Table 2-6 gives a summary o f the Detroit area emission inventory.
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Table 2-6: MOEE 1990 Detroit Emission Inventory: VOCs (MOEE, 1994)
Category %  Total VOCs
Mobile Sources 50.0
Fuel Combustion 12.8
Petroleum Refining 6.4
Steel Mills 1.0
Vehicle Manufacture 0.5
Other 29.3
The source categories the Detroit emissions were reported in were quite different 
from the Windsor inventory categories and the two inventories cannot be easily compared 
or combined. As well, since only 5 VOC species were investigated, the inventory may 
not be completely accurate. The study was able to make conclusions for the 5 specific 
VOC species. For the Windsor-Detroit airshed, Windsor contributes 4% benzene, 2% 
1,3-butadiene, 4% formaldehyde, 37% chloroform, and 18% carbon tetrachloride.
Another large part o f the MOEE’s study of Windsor’s air quality consisted o f a 
source apportionment using an urban dispersion model developed by the MOEE entitled 
Clean Air Program (CAP). VOC data was acquired at 4 Windsor monitoring sites and 3 
US sites over different periods of time between 1988 and 1991. The following 
conclusions were made about the contribution to Windsor air concentrations:
• Long range transport is a dominant source for carbon tetrachloride.
• Photochemistry, along with long range transport, accounts for 60 to 80 % 
of formaldehyde.
• Sources in Detroit contributed 67% of benzene and 76% of 1,3-butadiene.
• Area sources (Detroit and Windsor), particularly mobile emissions, were 
the dominant source category for benzene (84%) and 1,3-butadiene (96%).
In terms o f the spatial distribution of the VOCs for the Windsor area, the
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following results were found:
• The highest values for 1,3-butadiene were in the northwest part of 
Windsor with a gradual reduction in concentrations toward the southeast.
• Benzene showed the highest concentration in north-central Windsor.
• Formaldehyde showed the highest concentration in the northwest but with 
a relatively high background concentration.
Results from dispersion models such as those o f the MOEE study, are limited by 
the model assumption that the emissions affect ambient concentrations linearly. 
Although receptor models also make this assumption to a degree, the source profiles used 
in receptor models at least partly take into account the mixing and reactions o f the 
chemicals from source to receptor. In this way receptor models can give a better 
representation o f what sources are actually contributing to the ambient air. Another 
limitation o f the source apportionment results from only 5 VOC species being 
investigated. Similarly to the emission inventory, these 5 VOCs may not be giving a 
complete understanding o f the VOC sources for the area.
2.6 MOE 2002 Emission Inventory
The most recent Air Quality Report available from the Ontario Ministry of 
Environment (MOE) reports the estimated Ontario VOC emissions by sector (MOE,
2005). The emissions data are from point, area and transportation source estimates for 
2002; the latest complete inventory, shown in Figure 2-1. Further details about the 
inventory were not available.
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■  Printing/Surface 
Coating 11 %
■ Road Vehicles 17%
□ Other Transportation 
20%
□  Miscellaneous 7%
■ Residential 7%
■ General Solvent Use 
19%
■  Other Industrial 
Processes 19%
Figure 2-1: Ontario VOC Emissions by Sector from MOE 2002 Estimates (MOE, 2005)
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CHAPTER 3
METHODOLOGY
3.1 Receptor Locations
In September 2004, Health Canada issued a survey to all elementary 
schoolchildren residing in Windsor, a total of 20,159 children, to determine their 
respiratory health status. Factors also assessed in the questionnaire included parental 
health, housing characteristics and subjective measures o f exposure to traffic. A response 
rate of 64% was established.
Approximately 50 families who responded to the questionnaire were recruited for 
participation in the personal exposure study used in this thesis. Participants were 
interviewed and selected based on their occupation, housing type, residential location and 
a variety o f personal information. Selection criteria included single family home, non- 
smoker and without an above average occupational exposure to hazardous pollutants. Of 
the participants that met the criteria, residential locations were chosen in order to best 
sample all areas o f the city.
Forty-six participants successfully completed sampling for the winter phase. O f 
these 46 participants, 5 were not able to participate in the summer sampling phase. Five 
new participants were therefore recruited for the summer phase. Figure 3-1 shows the 
locations o f each of the sampling sites.
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3.2 Sample Collection and Analysis
The winter phase sampling began on January 24 2005 and continued for eight 
weeks until March 19th. The summer phase sampling began on July 4th 2005 and ended
thon August 26 . Six houses were sampled each week beginning on Monday afternoon 
and ending approximately Saturday afternoon for a total o f five 24 hour samples.
VOCs were monitored with 6 Litre Summa canisters and were replaced with fresh 
canisters approximately every 24 hours. The canisters were placed in the backyards of 
the participants homes. Figure 3-2 shows a picture o f the canister and a sample set-up. 
Wherever possible the canisters were placed as far as possible from driveways, garages, 
barbeques and any other potential source o f interference. The sampling flow rate was 
controlled by a flow regulator calibrated in the lab. Technicians recorded the initial and 
final pressure for each 24 hour sampling period in order to ensure proper sampling. The 
target initial pressure in the canisters was around -30 in. Hg. After 24 hours of sampling, 
the target final pressure in the canisters was between -10 and 0 in. Hg.
Figure 3-2: VOC Summa Canister 
shown left, and Outdoor 
Sample Set-up shown right
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The canisters were then shipped to an Environment Canada laboratory to be 
analysed for VOC concentrations. The ambient air samples were analyzed using a 
cryogenic pre-concentration technique with a high resolution gas chromatograph and 
quadrupole mass-selective detector (GC-MSD) as described in EPA Methods TO-14A 
and TO-15 (EPA, 1999). An Entech Model 7000 pre-concentrator with auto-sampler 
(Entech Instruments, Inc., Simi Valley, CA) was used for sample pre-concentration. The 
instruments used for species identification and quantification were an Agilent 6890 gas 
chromatograph and an Agilent 5973 MSD. VOCs were separated on a 60 metre, 0.32 
mm I.D. fused silica capillary column with a 1.0 um film thickness o f J&W DB-1 bonded 
liquid phase.
The samples were analysed for 188 different VOC species and corrected to 25°C 
and 1 atmospheric pressure. The method detection limits were determined using the US 
EPA TO-15 method (US EPA, 1999). The species analysed and their method detection 
limits are listed in Table 3-1. Samples were flagged if  the final pressure in the canister 
was 0 in. Hg for fear an incorrect sampling flow rate had occurred. The flagged samples 
were then checked to see if  they were consistent with the other results. Samples were 
deemed invalid if  the laboratory analysis resulted in zero concentrations for all species or 
if  the sample deviated from the target sample time o f 24 hours by more than 20%. 
Samples were also determined invalid if a serious mistake had been made by the field 
technician, such as incorrect attachment o f pressure regulator.
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Table 3-1: VOC Species Analyzed
Species MDL
[PU/m3l
Species MDLfpg/m3l
1,1,1 -T r ichloroethane 0.037 2,5-Dimethylhexane 0.009
1,1,2,2-T etrachloroethane 0.039 2-Butanol 0.009
1,1,2-Trichloroethane 0.049 2-Butenal (Crotonaldehdye) 0.040
1,1 -Dichloroethane 0.031 2-Ethyl-1 -Butene 0.048
1,1 -Dichloroethene 0.034 2-Ethyltoluene 0.013
1,2,3 -T rimethylbenzene 0.016 2-Methyl-1 -Butene 0.006
1,2,4-Trichlorobenzene 0.090 2-Methyl-2-Butene 0.008
1,2,4-Trimethylbenzene 0.032 2-Methylbutanal 0.009
1,2-Dibromoethane ( EDB ) 0.050 2-Methylbutane 0.023
1,2-Dichlorobenzene 0.044 2-Methylfuran 0.009
1,2-Dichloroethane 0.034 2-Methylheptane 0.016
1,2-Dichloropropane 0.024 2-Methylhexane 0.012
1,2-Diethylbenzene 0.018 2-Methylpentane 0.024
1,3,5-Trimethylbenzene 0.013 2-Methyl-Propanal 0.009
1,3-Butadiene 0.018 2-Pentanone 0.004
1,3 -Dichlorobenzene 0.036 3,6-Dimethyloctane 0.094
1,3 -Diethylbenzene 0.017 3-Ethyltoluene 0.012
1,4-Dichlorobenzene 0.017 3 -Methyl-1 -Butene 0.009
1,4-Dichlorobutane 0.023 3 -Methyl-1 -Pentene 0.029
1,4-Diethylbenzene 0.051 3-Methylheptane 0.007
1-Butanol (Butyl alcohol) 0.013 3-Methylhexane 0.013
1 -Butene/2-Methylpropene 0.038 3-Methylpentane 0.033
1-Butyne 0.021 4-Ethyltoluene 0.027
1-Decene 0.017 4-Methyl-1 -Pentene 0.012
1-Heptene 0.012 4-Methylheptane 0.008
1 -Hexene/2-Methyl-1 -Pentene 0.038 Acetaldehyde 0.009
1 -Methylcyclohexene 0.022 Acetone 0.009
1 -Methylcyclopentene 0.014 Acetonitrile 0.044
1-Nonene 0.005 Acetylene 0.057
1-Octene 0.010 Acrolein (2-Propenal) 0.027
1-Pentene 0.028 Acrylonitrile 0.031
1-Undecene 0.017 a-Pinene 0.030
2,2,3 -T rimethylbutane 0.007 Benzaldehyde 0.004
2,2,4-T rimethylpentane 0.027 Benzene 0.024
2,2,5 -T rimethylhexane 0.005 Benzyl Chloride 0.026
2,2-Dimethylbutane 0.025 b-Pinene 0.027
2,2-Dimethylhexane 0.008 Bromodichloromethane 0.056
2,2-Dimethylpentane 0.014 Bromoform 0.031
2,2-Dimethylpropane 0.105 Bromomethane 0.051
2,3,4-Trimethylpentane 0.012 Bromotrichloromethane 0.079
2,3 -Dimethylbutane 0.009 Butane 0.049
2,3-Dimethylpentane 0.012 Butylacetate 0.018
2,4-Dimethylhexane 0.011 Butylaldehyde (Butanal) 0.022
2,4-Dimethvbentane 0.012 c-1.2-Dichloroethene 0.024
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Table 3-1 Continued
Species M D Llpg/m3l Species
M D L
[Hg/m3]
c-1,2-Dimethylcyclohexane 0.019 Isobutane (2-Methylpropane) 0.022
c-1,3 -Dichloropropene 0.007 Isobutylacetate 0.013
c-1,3 -Dimethylcyclohexane 0.009 Isobutylalcohol 0.022
c-1,4/t-1,3-Dimethylcyclohexane 0.004 iso-Butylbenzene 0.018
c-2-Butene 0.022 Isoprene 0.008
c-2-Heptene 0.016 Isopropyl Alcohol 0.009
c-2-Hexene 0.020 Isopropylacetate 0.004
c-2-Pentene 0.005 iso-Propylbenzene 0.014
c-3-Heptene 0.014 Limonene 0.083
c-3 -Methyl-2-Pentene 0.010 m,p-Xylene 0.027
c-4-Methyl-2-Pentene 0.012 MAC (2-Methyl-2-propenal) 0.009
Camphene 0.063 MEK 0.009
Carbon Disulfide 0.004 Methanol 0.004
Carbontretrachloride 0.028 Methyl Acetate 0.027
Chlorobenzene 0.039 Methylcyclohexane 0.007
Chloroethane 0.057 Methylcyclopentane 0.010
Chloroform 0.023 Methyl-t-Butyl Ether ( MTBE) 0.025
Chloromethane 0.029 MIBK 0.009
Cyclohexane 0.009 MVK 0.013
Cyclohexanone 0.022 Naphthalene 0.034
Cyclohexene 0.026 n-Butylbenzene 0.019
Cyclopentane 0.008 Nonane 0.010
Cyclopentanone 0.000 n-Propylbenzene 0.013
Cyclopentene 0.017 Octane 0.012
Decane 0.012 o-Xylene 0.013
Dibromomethane 0.055 Pentanal 0.013
Dichloromethane 0.025 Pentane 0.086
Dodecane 0.029 Propane 0.173
Ethane 0.057 Propene 0.019
Ethanol 0.027 Propyl alcohol (1-Propanol) 0.013
Ethylacetate 0.009 Propyne 0.010
Ethylbenzene 0.015 Styrene 0.016
Ethylbromide 0.024 t-2-Butene 0.027
Ethylene 0.067 t-2-Heptene 0.012
Freon 11 0.026 t-2-Hexene 0.014
Freon 113 0.028 t-2-Octene 0.018
Freon 114 0.080 t-2-Pentene 0.006
Freon 12 0.056 t-3 -M ethyl-2-Pentene 0.011
Freon 22 0.045 t-4-Methyl-2-Pentene 0.010
Heptane 0.027 tert-Butylbenzene 0.012
Hexachlorobutadiene 0.083 T etrachloroethene 0.044
Hexanal 0.018 Toluene 0.025
Hexane 0.017 Trichloroethene 0.038
Hexylbenzene 0.052 Undecane 0.014
Indan (2,3-Dihydroindene) 0.021 Vinylchloride (Chloroethene) 0.012
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3.3 Data from the National Air Pollution Surveillance Network
The National Air Pollution Surveillance (NAPS) Network is a joint program of 
the federal and provincial governments to monitor and assess the quality of the ambient 
air in Canadian urban centres. Sulphur dioxide (SO2), carbon monoxide (CO), nitrogen 
oxides (NOx), ozone (O3) and total suspended particulates (TSP) are measured at over 
152 stations in 55 cities throughout the country. VOCs are also measured at 40 urban and 
rural locations in Canada (NAPS, 2001).
The NAPS Network has two monitoring stations in Windsor. One of these sites 
located at College and South St. measures VOCs. The VOC monitoring equipment and 
methodology is very similar to that used in this study. Samples are taken for 24 
continuous hours and analysed by gas chromatography with mass spectrometry. The 
Windsor station takes one 24 hour sample approximately every 6 days (NAPS 2004 
annual report). Data from this station during the same period as this study’s sampling 
phase were included in the source apportionment. Data were available for 8 samples that 
occurred between the start and finish of the winter sampling phase. No data were 
available during the summer months. The 8 NAPS samples were averaged to make one 
ambient sample for the NAPS location instead of 8 weekly values. This was done in 
order to not unduly influence the final results with an overemphasis of samples in this 
location.
3.4 Choice of Model
The Chemical Mass Balance Model (CMB) was chosen for use in this study for a 
variety o f reasons. The CMB model is a receptor model and is well suited to the type of
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receptor data collected during the 2005 Windsor, Ontario Exposure Assessment Study. 
The samples were analysed for 112 chemical species containing all the necessary species 
to successfully distinguish among sources. The model was first developed over three 
decades ago and has since been updated with eight new versions. It is well documented 
and reviewed by researchers across the globe. As well the CMB mathematics are fairly 
simple and easy to understand and the software is manageable for novice modellers. 
Although the required inputs can be labour intensive to compile and process, the model 
outputs are straightforward and require a reasonable amount of effort to analyse. Version
8.2 of the CMB model (CMB8.2) was applied for all model calculations in this study.
3.5 Source Profiles
3.5.1 Compilation
Compiling and evaluating the source profiles necessary for a source 
apportionment is probably the most important and time consuming step. As mentioned in 
Chapter 2, sources can differ substantially for the same process depending upon the 
region, time of year, and specifics o f the process. As well, sources that are too similar 
can cause collinearity in the CMB model and must be grouped into one generalised 
category.
Local emission inventories and source apportionments in close proximity or 
comparable areas were examined in order to determine what types o f sources may be 
contributing to the Windsor airshed. The most published and reviewed profiles for these 
sources were compiled for evaluation. Where possible, profiles developed in nearby or 
similar areas to Windsor were chosen. However since the majority o f air quality research
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is performed in California, this was not always possible. Sources not likely to contribute 
significantly to Windsor’s airshed were not included. Descriptions of the profiles 
compiled are listed in Table 3-2. The actual profiles are given in Appendix A.
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Table 3-2: Source Profiles Compiled for Evaluation
Mnemonics Type Description and Source
1 TuT usH D Diesel Exhaust Tuscarora Tunnel, Heavy duty emissions (Sagebiel et al., 1996)
2 TuM chH D Diesel Exhaust Ft McHenry Tunnel, Heavy duty emissions (Sagebiel et al., 1996)
3 Exh_Linl Gasoline Exhaust Lincoln Tunnel emissions with diesel and 5-10% of running loss contributions 
removed (Fujita and Lu, 1998)
4 Exh_Lin2 Gasoline Exhaust Lincoln Tunnel emissions with diesel and 15-20% of running loss contributions 
removed (Fujita and Lu, 1998)
5 E x h C a ll Gasoline Exhaust Callahan Tunnel emissions with diesel and 5-10% of running loss contributions 
removed (Fujita and Lu, 1998)
6 Vehicle Vehicle Exhaust Derived from the FTP tests o f Sigsby et al.(1987) (Fujita et al., 1994)
7 WA_Liq Liquid Gasoline Washington liquid gasoline composite o f 15 samples, weighted by brands and grades 
(Fujita etal., 1997)
8 BoglOl Liquid Gasoline Boston liquid gasoline composite (Fujita et al., 1997)
9 L A liqG s Liquid Gasoline LA liquid gasoline composite (Fujita et al., 1997)
10 W A V ap Gasoline Vapour Washington headspace composite o f 15 samples, weighted by brands and grades 
(Fujita etal., 1997)
11 GasVap_2 Gasoline Vapour Composite of 14 gasoline headspace vapour samples (Fujita et al., 1995)
12 BogvOl Gasoline Vapour Boston headspace vapour composite (Fujita et al., 1997)
13 LA_Hsvap Gasoline Vapour LA headspace vapour composite (Fujita et al., 1997)
14 GasVap_3 Gasoline Vapour Weighted average of gasoline based on sales in the Chicago area (Scheff et al., 1996)
15 VGS710 Gasoline Vapour L.A. headspace vapour composite o f summer gasoline (Fujita et al., 1994)
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Table 3-2 Continued
16 CNG Commercial Natural Gas Fujita etal., 1994
17 LPG Liquefied Petroleum Gas Fujita et al., 1994
18 In d R e f Industrial Refinery Composite o f  10 emission profiles o f miscellaneous chemical and refining plants in 
Houston, TX (Fujita et al., 1995)
19 C okeO vn Coke Oven Chicago area coke battery (Nelson et al., 1991)
20 A rcC oat Architectural Coatings Composite o f solvent and water-based coatings, thinning and cleanup solvents 
(Scheff e ta l ,  1989)
21 G rphA rt Graphic Arts Composite o f lithography, rotogravure, letterpress, and flexography (Scheff et al., 
1996)
22 ACoatl96 Architectural Coatings Composite solvent (Fujita et al., 1994)
23 ICoat783 Industrial Coatings Solvent based (Fujita et al., 1994)
24 Coatings Coatings Composite o f various coating emissions weighted by total emissions (Censullo et al. 
1996)
25 Biogenic Biogenic Emissions Constructed biogenic profile -  100% isoprene
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The diesel exhaust profiles (Tu_TusHD and Tu_MchHD) were developed by 
Sagebiel et al. (1996) in the Tuscarora Mountain Tunnel, Pennsylvania, and the Fort 
McHenry Tunnel in Baltimore, Maryland. The gasoline exhaust profiles (Exh_Linl, 
Exh_Lin2 and Exh_Call) were developed by Fujita and Lu (1998) based on 
measurements by Gertler et al. (1997) in the Lincoln Tunnel in New York, and the 
Callahan Tunnel in Boston, MA. Fujita developed the profiles by using Gertler et a/.’s 
tunnel measurements and subtracting diesel exhaust and various amounts o f gasoline 
headspace contributions. The vehicle exhaust profile (Vehicle) from Sigsby et al. (1987) 
was derived from the Federal Test Procedure (FTP) tests of 46 in-use passenger vehicles 
for 1975 to 1982 model years and was re-calculated by from the original measurements to 
provide a more complete chemical break-down of coeluting peaks (Fujita et al., 1994).
Fujita et al. (1997) developed liquid gasoline and gasoline headspace profiles 
from samples taken in Washington, L.A. and Boston. The Washington profiles (WA_Liq 
and WA_Vap) are based on 15 samples o f 5 brands and 3 grades o f gasoline. The L.A. 
and Boston profiles (LA_liqGs, LA Hsvap, BoglOl and BogvOl) are based on 60 and 10 
samples respectively of an average of different brands and grades o f gasoline. GasVap_2 
was developed for the Coastal Oxidant Assessment for Southeast Texas (COAST) study 
by Fujita et al. (1995) and is a composite of 14 gasoline headspace vapour samples. 
GasVap_3 was developed by Scheff et al. (1996). The profile is a weighted average of 
gasoline based on sales in the Chicago area. VGS710 is a gasoline headspace profile 
developed by Fujita et al. (1994) based on a composite o f L.A. summer gasoline 
varieties.
The commercial natural gas profile (CNG) was developed by Fujita et al. (1994)
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and is based on samples taken in the summer o f 1972 at Los Angeles, CA and in the 
summer of 1973 at El Monte, CA. The liquefied petroleum gas profile (LPG) was 
developed in the same study by Fujita et al. (1994).
The industrial refinery (Ind Ref) profile was developed for the COAST study 
(Fujita et al., 1995) and is a composite of 10 emission profiles o f miscellaneous chemical 
and refining plants in Houston, TX.
The coke oven profile (Coke Ovn) is the average of the compositions o f eight 
measurements collected downwind of a large coke battery in the Chicago area (Nelson et 
a l,  1991).
The architectural coatings profile (Arc Coat) is a composite o f solvent-based 
coatings, thinning and cleanup solvents, and water-based coatings, and was based on a 
product-use survey and sales figures (Scheff et a l ,  1989). The architectural coatings 
profile (ACoatl96) is a composite o f solvents published by Fujita et al. (1994).
The graphic arts profile (Grap Art) was developed by Scheff et al. (1996) and is a 
composite of lithography, rotogravure, letterpress, and flexography processes combined 
in a weighted average based on estimates of US national ink usage for each type of 
printing process.
The industrial coatings profile (ICoat783) is a composite o f solvent-based 
industrial coatings (Fujita et al., 1994). The final coatings profile (Coatings) is based on 
a weighted average of 11 categories o f water-based and solvent-based coatings and is the 
most recent coatings data available (Censullo et al., 1996).
Isoprene is taken to constitute 100 percent of NMHC in the biogenic emissions 
profile (Biogenic). Biogenic NMHC emissions are highly reactive in the atmosphere, and
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biogenic source contributions derived from CMB modeling will supply only a lower limit 
to the actual contributions from biogenic emissions (Fujita and Lu, 1998).
3.5.2 Evaluation
A method o f evaluating the source profiles was developed by Fujita and Lu 
(1998) and expanded upon for application in this study. The method involves interactive 
applications o f the CMB model with evaluation o f the diagnostic measures. The model is 
applied to the ambient data using varying subsets o f source types and source profiles. 
The model outputs are examined in order to determine which subset is most suitable for 
the ambient data. It is possible for more than one subset of source types and source 
profiles to fit the receptor data equally well (Watson, 2004). The interactive application 
o f the model to different source subsets identifies these cases. This profile evaluation 
method also provides a means o f testing the sensitivity o f the ambient data to different 
source profiles. The sensitivity tests determine a range o f uncertainty associated with the 
choice of profiles (Fujita and Lu, 1998).
Running the model and manipulating the input and output data is an exhaustive 
process when using the full ambient data set. A subset o f 5 samples from the summer 
phase was therefore chosen for use in the source profile evaluation tests. The summer 
data was used as opposed to the winter data, since it is more complete with less 
equipment failure during sampling. The samples were not randomly chosen. After 
evaluating the statistical analysis on the variability o f the samples for each of the species, 
the 5 samples with concentrations closest to the mean for each species were chosen for 
analysis.
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The first subset of source profiles evaluated consisted of diesel and gasoline 
vehicle exhaust. They were chosen since vehicle exhaust is most commonly the number 
one VOC source and therefore the profiles will have the most influence on the results. 
These profiles were run in the model using only fitting species that are enriched in diesel 
and spark-ignition vehicle exhaust (i.e. ethene, acetylene, propene, benzene, nonane, 
decane, and undecane). The diesel and gasoline exhaust profiles were run in all possible 
combinations. The CMB performance measures were examined and the pair with the 
best results was deemed the most appropriate for the ambient data.
Gasoline vapour and liquid gasoline profiles were then evaluated using the 
exhaust profiles chosen from the first set of tests. For these subsets all 32 fitting species 
were used in the model. The CMB diagnostic measures were examined and the profiles 
were chosen accordingly.
This method was applied to select the vehicle related emissions profiles only. 
Profiles for vehicle emissions are numerous and vary greatly, whereas profiles for most 
other sources are few in number with less variation. Furthermore, since vehicle related 
emissions are almost always the greatest source of VOCs, their profiles have the largest 
effect on the model results. Since there were not enough appropriate profiles available to 
perform sensitivity tests for the non-vehicle sources, it was deemed acceptable to select 
profiles for use in the study based on which were the most recent and most well 
reviewed.
Ideally this method should not be used and instead the full dataset should be used 
for selecting source profiles. However, the output format o f the CMB model is very 
cumbersome to work with. Although the model run time is relatively short, since the
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model output cannot be edited or manipulated in the given format, it must be transferred 
to a more appropriate program. This can be an extremely time-consuming process. It 
would be beneficial to the user if  the model output were more user-friendly with the 
ability to easily edit and manipulate. This would enable the user to perform more model 
runs with large data sets.
3.5.3 Processing
As mentioned in Chapter 2, the CMB Protocol recommends using the sum of the 
55 PAMS target hydrocarbons as the common normalization standard for source profiles 
(Watson, 2004). The majority o f current source profiles available are already normalized 
to the PAMS compounds. Therefore all source profiles used in this study were 
normalized to the 55 PAMS compounds if not already done so. Compounds other than 
the 55 PAMS species were grouped into a category named “Other”. Compounds reported 
as "unknown" were also grouped into the “Other” category. Most o f the profiles used 
were available with the associated uncertainties. Uncertainties of 15% were assigned to 
any missing values as recommended in the CMB Protocol (Watson, 2004).
Normalizing the source profiles into one common property can be a tedious 
process. A general consensus on a source profile normalization method would make it 
easier for the user to compile and prepare the source profile input files. It is 
recommended that all VOC source profiles be normalized to the sum of the 55 PAMS 
species, as the majority o f profiles already exist in this format. It is also the most widely 
applicable format for VOC profiles since the PAMS species are all commonly measured 
hydrocarbons present in most VOC analysis techniques (Watson, 2001).
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3.6 Ambient Data
3.6.1 Processing
Sampling at each location consisted o f five 24 hour samples between Monday and 
Saturday afternoon. The focus o f this study however, is to source apportion the data with 
an emphasis on seasonal variability not day to day variability. Therefore the 
concentrations of each species were averaged over the week for each sampling site. In 
some cases the full week of samples were not available for the site due to unavailable or 
invalid samples. 10% of the sites had 4 samples, 5% had 3 samples, 1% had 2 samples 
and 3% had 1 sample. In the interest o f obtaining as many sampling locations as 
possible, the results with less than 5 samples were still used for analysis.
Since the large majority o f VOC source profiles only include non-methane 
hydrocarbons (NMHC), only these species were used for the source apportionment. Of 
the 188 VOC species analysed, 112 were NMHC. The 76 unused species constituted 
approximately 50% of the total mass, mainly due to the large masses found o f 
acetaldehyde, methanol, ethanol and acetone. In order to correspond to the format o f the 
source profiles, the non PAMS species were grouped together into one category entitled 
“Other”. The mean, standard deviation, minimum, median, maximum and skewness 
were calculated for the daily concentrations throughout the week.
Concentrations found below detection limits for the PAMS species were replaced 
with the method detection limit. Concentrations found below detection limits for non 
PAMS species were left untouched in order to not unjustly raise the concentration o f the 
“Other” category.
The weight percentage of the 55 PAMS compounds was calculated for each 
sampling site. A statistical analysis on the variability o f the samples for each o f the 55
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PAMS species and “Other” was performed using the Minitab 15 Statistical Software 
(Minitab inc., 2007). The mean, standard deviation, minimum, median, maximum, 
coefficient o f variance, interquartile range, range, and skewness were calculated for each 
species and for both seasons.
Histograms were developed in order to investigate the distribution of the species 
concentrations. A line o f best fit was plotted in the histograms. Using the graphs and the 
skewness values, the data was examined to find abnormal values or outliers. Special 
attention was given to species with skewness values greater than 6 which indicates 
potentially heavy influence on the mean by of a few large numbers.
3.6.2 Uncertainty
Ideally, uncertainty estimates should be measured or calculated to correspond 
with ambient measurements. However, measurement uncertainties can be difficult and 
expensive to develop. Collocated samples for the study are often not a viable option. If 
no uncertainties are available for the ambient data, the CMB Protocol recommends 
assigning uncertainties in the range o f ±5 to ±20 percent (Watson, 2004).
There were no collocated samples available for the 2005 outdoor portion o f the 
study used for this thesis. Collocated sampling did take place for the indoor and Personal 
portion o f the air quality study. Duplicate sampling occurred in the final week o f the 
summer phase for two indoor locations and one personal.
The uncertainty associated with these collocated samples was calculated. The 
percentage difference was calculated between the weekly averages for each collocated 
pair. The mean, median and standard deviation o f the three percentage differences were
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calculated for each o f the 55 PAMS species. The medians were found to range between 
0.946% and 47.6% with a median value o f 9.26% and standard deviation of 9.02%.
A large variation in the percentage differences was found to occur between the 
three collocated weekly samples (i.e. two indoor and one personal) and between the 
different species. Additionally, only three collocated weekly samples is a very small 
sample selection. Furthermore, the uncertainties of the indoor and personal 
measurements may not be applicable to the outdoor data. The uncertainties associated 
with these collocated samples were therefore determined to be inappropriate for use. 
Instead a ±15% uncertainty was assigned to the ambient data as recommended in the 
CMB Protocol (Watson, 2004). This was most likely a conservative estimate since the 
uncertainty o f the indoor and personal collocated data was less than 10% and the 
sampling procedures for the outdoor, indoor and personal samples were virtually 
identical.
3.7 Fitting Species
As mentioned in Chapter 2, to account for the short atmospheric lifetimes o f many 
VOCs, many researchers only include species with low reactivities as fitting species 
(Scheff et al., 1996; Fujita and Lu, 1998). For the CMB calculations performed in this 
study, only species with lifetimes in the atmosphere greater than that of toluene (~9 hours 
during the summer) were used as fitting species. An exception to this is isoprene. It was 
included as a fitting species despite its high reactivity because it serves as a marker for 
biogenic emissions. Among the PAMS target species, 31 hydrocarbons satisfy the criteria 
defined above and are candidates for use as fitting species. Table 3-3 lists the 55 PAMS 
species and the chosen fitting species.
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Table 3-3: 55 PAMS Species and CMB Fitting Species (marked with *)
PAMS Species CMB Fit PAMS Species CMB Fit
Acetylene * Methylcyclopentane *
Benzene * 2-Methylhexane *
n-Butane * 3-Methylhexane *
1-Butene 2-Methylheptane *
c-2-Butene 3-Methylheptane *
t-2-Butene 2-Methylpentane *
Cyclohexane * 3-Methylpentane *
Cyclopentane * 2-Methyl-1 -Pentene
n-Decane * n-Nonane *
1,3 -Dimethylbenzene n-Octane *
1,4-Diethylbenzene n-Pentane *
2,2-Dimethylbutane * 1-Pentene
2,3-Dimethylpentane * c-2-Pentene
2,3-Dimethylbutane * t-2-Pentene
2,4-Dimethylpentane * n-Propane *
Ethane * Propene
Ethene n-Propylbenzene
Ethylbenzene Styrene
2-Ethyltoluene 1,2,3-Trimethylbenzene
3-Ethyltoluene 1,2,4-Trimethylbenzene
4-Ethyltoluene 1,3,5-Trimethylbenzene
n-Heptane * 2,2,4-Trimethylpentane *
n-Hexane * 2,3,4-Trimethylpentane *
Isobutane * Toluene *
Isopentane * n-Undecane *
Isoprene * m,p-Xylene
iso-Propylbenzene o-Xylene
Methylcyclohexane *
3.8 Sensitivity Tests
Two sensitivity tests were performed on the model results, as recommended by 
the CMB protocol. Both tests were performed on the same subset o f ambient samples 
used for the source profile evaluations. The vehicle related sources were chosen to be 
tested since these sources were most influential in the results. This includes diesel and 
gasoline exhaust, gasoline vapour and liquid gasoline. In order to determine which 
species most influence the contribution estimates for each source, the MPIN weights
55
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
were examined. The three most influential species for each of the four sources were 
chosen for the sensitivity tests.
In the first test, worst case values were assigned to the uncertainties o f the 
influential species for each source. The CMB Protocol states that profile uncertainties are 
usually approximately 5-10% (Watson, 2004). However the majority o f the uncertainties 
for the species o f interest, as given in the source profiles compiled for this study, were 
already much higher than 10%, some reaching as high as 49%. Therefore a standard 
worst case uncertainty value for all the species was deemed inappropriate, as the number 
would need to be higher than 50% which is excessively beyond the 10% suggested in the 
Protocol. Instead the uncertainties were increased by 50% of their original values. The 
model was rerun with the worst case profiles and compared with the original results to 
check for instability. The source contribution estimates should not change by more than 
the calculated standard error for the results to be considered stable.
In the second test, the receptor concentrations were tested for instability. Since 
the collocated data were deemed unsatisfactory for use, portions o f the input data were 
systematically perturbed. The concentrations o f the three most influential species for 
each of the four sources were alternately raised and lowered by one uncertainty interval. 
The model was then rerun with the modified ambient data and the resulting source 
contribution estimates were compared with the original results to check for instability. 
The source contribution estimates should not change by more than one standard error in 
response to the changes if  the results are stable.
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3.9 Model Output and Post-Processing
The source profiles selected through the sensitivity tests were inputted into the 
CMB model. The model was run for each ambient sample for both the winter and 
summer seasons. The model output includes source contribution estimates and their 
associated standard errors, both were ported into a spreadsheet for further analysis. The 
percentage contribution for each source was calculated by dividing the absolute 
contribution by the total absolute contribution. The percentage standard errors were 
similarly calculated by dividing the absolute standard error by the total absolute 
contribution. The mean, standard deviation, minimum, median and maximum of the 
source contribution estimates and the associated errors (absolute and percentage) were 
calculated for all the ambient samples for each season.
The ambient samples were grouped into categories in order to investigate any 
spatial patterns o f high or low concentrations in Windsor. The samples were categorised 
separately for each o f the sources with significant contributions. For each case, samples 
were categorised “Low” if the contribution for the source in question was in the bottom 
third of the group. Samples were categorised “High” if the contribution was in the top 
third of the group. This was done for all the significant sources for both the winter and 
summer seasons. The significant vehicle related source estimates in combination were 
also used to categorise the samples. Vehicle emissions are o f primary interest and by 
combining the vehicle sources into one group a better understanding o f vehicle emissions 
can be found. Samples were categorised “Low” if  the contributions for diesel exhaust, 
gasoline exhaust and gasoline vapour were all in the bottom third of their respective 
group. Samples were categorised “High” if the contributions for all three sources were in 
the top third o f each group. This was done for both the winter and summer data sets.
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CHAPTER 4 
RESULTS AND DISCUSSION
4.1 Source Profile Evaluations
4.1.1 Major Profiles
After evaluating the statistical analysis on the variability o f the samples for each 
of the species, 5 samples were chosen that most closely represented the mean o f the full 
data set. The model was applied to the samples using varying subsets of source types and 
source profiles. The model outputs were examined in order to determine which subset 
was most suitable for the ambient data.
The first test was an evaluation o f gasoline and diesel exhaust profiles, using only 
fitting species that are enriched in diesel and spark-ignition vehicle exhaust (i.e. ethene, 
acetylene, propene, benzene, nonane, decane, and undecane). The CMB performance 
measures were averaged for the five samples and are shown in Table 4-1.
Table 4-1: Results of Vehicle Exhaust Profile Sensitivity Test
Diesel Exhaust 
Profile
Gasoline
Exhaust
Profile
Diesel
Exhaust
%
Gasoline
Exhaust
%
r2 chi2 % Mass
Tu MchHD Exh Linl 14.7 33.3 0.91 2.39 48.0
Tu MchHD Exp Lin2 14.8 27.8 0.91 2.47 42.7
Tu MchHD Exh Call 14.9 29.8 0.89 3.06 44.7
Tu TusHD Exh Linl 23.3 26.6 0.90 4.10 49.9
Tu TusHD Exp Lin2 23.4 22.2 0.89 4.21 45.5
Tu TusHD Exh Call 23.2 24.4 0.89 4.48 47.6
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Exhaust contributions varied by no more than 10 percent for the different profiles 
tested. The diesel exhaust profile Tu_MchHD with the gasoline exhaust profile 
Exh_Linl gave the highest r2 and the lowest chi2. Less than 100 percent in mass is 
expected as only vehicle exhaust source profiles were included in these sensitivity tests. 
Tu_MchHD and Exh_Linl were therefore chosen and used for all further model runs.
Table 4-2 shows the results o f the gasoline vapour profile evaluations. All 32 
fitting species were used as was the case for all further model runs. With the exception of 
the BogvOl profile, the source contribution estimates were fairly consistent, with the 
greatest variation being 7.5 percent for gasoline exhaust. WA_VAP was chosen as the 
most fitting profile since it resulted in the highest r2 and lowest chi2. It should be noted 
that the low r2 values and the high chi2 values do not signify a poor fit for the selected 
profiles. Poor performance measures are expected until all contributing sources have 
been included.
Table 4-2: Results o f Gasoline Vapour Profile Sensitivity Test
Gasoline
Vapour
Profile
Diesel
Exhaust
%
Gasoline
Exhaust
%
Gasoline
Vapour
%
r2 chi2 %  Mass
WA VAP 12.2 33.1 31.1 0.66 7.23 76.4
GasVap 2 14.3 33.9 28.8 0.65 7.54 77.0
BogvOl 13.7 38.5 6.02 0.61 12.6 58.2
LA Hsvap 11.9 30.4 30.9 0.64 9.12 73.2
GasVap 3 13.1 26.4 26.9 0.68 9.74 66.4
VGS710 12.9 29.8 30.6 0.68 8.67 73.3
Table 4-3 shows the results of the liquid gasoline profile evaluations. At first 
inspection it appears that BoglOl gives the best results since it has the highest r2 and
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lowest chi2. However since the gasoline exhaust contribution was suddenly found to be 
much higher than in previous tests, suspicion was raised. Further research found that the 
Boston profile for liquid gasoline (BoglOl) has resulted previously in large 
overestimation o f total NMHC (Fujita and Lu, 1998). Therefore it was discarded and the 
WA_LIQ profile was chosen to represent liquid gasoline. The WA LIQ and L A liqG s 
source contributions varied by at most 3.1 percent.
Table 4-3: Results o f Liquid Gasoline Profile Sensitivity Test
Liquid
Gasoline
Profile
Diesel
Exhaust
%
Gasoline
Exhaust
%
Gasoline
Vapour
%
Liquid
Gasoline
%
r2 chi2 % Mass
WA LIQ 12.0 33.6 30.1 1.11 0.66 7.40 76.8
BoglOl 11.9 47.2 31.1 0 0.67 7.08 90.1
LA liqGs 12.3 30.5 30.7 3.24 0.66 7.40 76.8
4.1.2 Additional Profiles
The non-vehicle related profiles were added to the model runs individually and in 
various combinations. The tests were run using the four vehicle related profiles chosen 
previously and the five ambient sample subset. The results from these tests are shown in 
Table 4-4.
There are several trends to note from these tests that may indicate possible 
collinearity between profiles. Both the CNG and industrial refinery profiles cause the 
g aso line  ex h au st co n trib u tio n  to  decrease  an d  th e  liq u id  g aso line  co n trib u tio n  to  increase. 
There is clearly some collinearity between the CNG, LPG and industrial refinery profiles 
since each of their individual contributions increase when the other two profiles are 
omitted. The coke oven profile causes the diesel exhaust contribution to decrease
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slightly, indicating collinearity between the two profiles.
It is unclear where the correct source apportionment lies, however since all o f the 
sources are suspected o f contributing to Windsor’s airshed, they must be included. For 
example, if  the CNG profile is excluded, the chi2 is high due to the large amount of 
ethane in the ambient samples remaining unexplained. Ethane is a minor component of 
vehicle exhaust (less than 3 percent) but is the primary component of CNG emissions 
(almost 70 percent).
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Table 4-4: Results of Sensitivity Tests for Additional Profiles
r2 chi2 %Mass
Diesel
Exhaust
%
Gasoline
Exhaust
%
Gasoline
Vapour
%
Liquid
Gasoline
%
Biogenic
% CNG % LPG %
Industrial
Refinery
%
Coke
Oven
%
0.66 7.40 76.8 12.0 33.6 30.1 1.1 __ __ --- __ __
0.72 6.23 77.5 12.0 33.7 29.5 1.2 1.1 __ --- __ __
0.84 3.52 93.1 12.0 24.6 29.1 6.1 1.1 20.3 --- --- ---
0.79 4.79 87.3 11.3 33.7 29.3 1.6 1.1 --- 10.4 --- ---
0.85 3.30 94.4 11.7 26.7 29.1 5.1 1.1 14.5 6.2 --- ---
0.77 5.60 84.3 11.9 25.1 19.4 5.1 1.1 __ --- 21.7 ---
0.73 6.56 77.5 10.3 33.5 29.7 0.3 1.1 __ --- --- 2.7
0.87 3.35 98.1 9.9 21.8 22.9 6.4 1.1 13.4 5.9 14.0 2.7
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4.1.3 Coatings
A large variety o f formulations are used in surface coatings and it is unlikely that 
one or two profiles adequately represent the emissions from all surface coatings (Fujita, 
1998). Furthermore, coatings contain a variety of oxygenated compounds, which in 
many cases account for a majority of the solvent content. The hydrocarbon fraction of 
the coating solvents consists of complex mixtures of higher molecular weight 
hydrocarbons that have not been adequately characterized (Fujita et al., 1995).
Table 4-5 shows a variety of model runs using different coatings profiles. The 
biogenic, CNG, LPG, industrial refineries and coke oven sources were included in the 
model runs but have been omitted from the table since their values were not significantly 
affected by the coatings profiles. As can be seen from Table 4-5, there are large 
variations in the results between different coatings profiles. The composite coatings 
profile (Coatings) which contains the most recent coatings data currently available, is 
collinear with the diesel exhaust profile. The contribution of diesel exhaust is reduced 
from approximately 10 percent to a negative contribution. Negative contributions result 
when a source profile is collinear with another profile or when the source contribution is 
close to zero. The sensitivity test shown in Table 4-1, indicate that the diesel exhaust 
contribution is not zero. Therefore collinearity must be the cause of the negative 
contributions. The collinearity most probably results because decane and undecane are 
major components of both diesel exhaust and surface coatings.
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Table 4-5: Results of Sensitivity Tests for Coatings Profiles
r2 chi2 % Mass
Diesel
Exhaust
%
Gasoline
Exhaust
%
Gasoline
Vapour
%
Liquid
Gasoline
%
Coatings Profiles
All
Coating
s%
Architech.
(Acoatl96)
%
Industrial
Coatings
%
Architech. 
(Arc Coat 
)%
Graphi 
c Arts
%
0.87 3.35 98.1 9.9 21.8 22.9 6.4 ___ ___ __ __
0.89 2.52 105.0 -4.1 32.3 25.6 0.7 12.5 ___ ___ ___ ___
0.87 3.51 97.9 9.9 22.0 23.1 5.9 ----- 0.1 ___ ___ ___
0.87 3.50 98.1 10.0 21.7 23.0 6.3 ___ ___ 0.2 ___ . . .
0.87 3.67 97.9 9.9 21.9 23.2 5.8 ----- 0.1 0.2 ___ ___
0.88 2.97 116.7 9.9 23.6 24.5 2.1 ----- ___ ___ 19.4 ___
0.89 2.75 125.6 10.4 23.1 23.9 3.4 ___ ___ ___ ___ 29.3
0.89 2.85 125.8 10.1 23.6 24.7 1.8 ----- — ------ 13.2 16.0
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The architectural coatings profile (ACoatl96) and the industrial coatings profile 
(ICoat783) both indicate near zero contributions when applied separately or together as 
done by Fujita et al. (1995). However the standard errors for the source contribution 
estimates that result from using either or both o f these profiles are very high. This in turn 
produces very low Tstats for these profiles; well below the recommended minimum of 2.
The architectural coatings profile (Arc Coat) and the graphic arts profile 
(G rphA rt) result in very high contributions for these sources when included in the 
model. There is clearly some collinearity between these two sources, as the numbers 
change significantly when applied separately or simultaneously. Many o f the source 
apportionments performed in nearby locations, such as Detroit (Kenski et al., 1995), 
Wayne County (Scheff et al., 1996) and Chicago (Scheff and Wadden, 1993), have 
included both architectural and graphic arts coatings as sources. Although the chi2 is 
reduced when these sources are included, the percent mass explained rises above 
acceptable levels (i.e. >120%). Even more critical are the high standard errors that result 
when Arc Coat and Grph Art are included in the model. Once again the Tstats fall far 
below the recommended minimum of 2. The only scenarios that included a coatings 
profile and still resulted in acceptable Tstats, were when Arc_Coat or Grph_Art were run 
separately in the model.
After examining the coatings sensitivity tests summarised in Table 4-5, two 
possible solutions were investigated. Due to the large variability in the coatings profiles 
and the instability o f the model results when using these profiles, the coatings profiles 
could be excluded from the source apportionment. Omitting coatings is unfortunate since 
most likely it is a VOC source for Windsor; however exclusion of one profile in
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exchange for stability seems to be a choice o f many researchers when reliable coatings 
profiles are unavailable (Fujita and Lu, 1998).
On the other hand, a second solution could be to include either the architectural 
coatings profile Arc_Coat or the graphic arts profile Grph_Art. Although there is clearly 
some uncertainty with the exact coatings contribution, including one profile would give 
an approximate estimate. Including either Arc_Coat or Grph Art in the model does not 
significantly change the estimated contributions of the other sources. Therefore this 
scenario may be of more value than simply excluding coatings all together. The 
architectural coatings profile (Arc_Coat) was chosen for use since it was more similar to 
an automotive painting profile developed by Scheff et al. (1989) than the graphic arts 
profile. Emissions from automotive painting processes are known to be released from 
several sources in Windsor. Therefore the Arc_Coat profile will best be able to 
accurately represent coatings emissions for the study area.
Both solutions (i.e. including or omitting the architectural coatings profile 
Arc Coat) were run through the model using the full dataset. As the sub dataset 
suggested, including Arc_Coat did not significantly change the contributions o f the other 
sources. Thus the model results using the Arc Coat profile are reported and used for 
analysis. In this way an approximate estimate o f coatings contributions can be 
investigated and the results for the other sources are not compromised.
Development o f reliable and consistent coatings profiles is desperately needed to 
perform accurate and successful source apportionments. Separate profiles for different 
types of coatings would be ideal, however even a general coatings profile that could
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deliver accurate results with minimal collinearity with other sources would be a 
significant step.
4.1.4 Source Profiles Chosen
The final selection o f source profiles chosen for use in the CMB model is shown 
in Table 4-6.
Table 4-6: Source Profiles Used for Source Apportionment
Mnemonics Type
1 TuM chH D Diesel Exhaust
2 E x h L in l Gasoline Exhaust
3 WA_Liq Liquid Gasoline
4 WA_Vap Gasoline Vapour
5 CNG Commercial Natural Gas
6 LPG Liquefied Petroleum Gas
7 I n d R e f Industrial Refinery
8 Coke_Ovn Coke Oven
9 Biogenic Biogenic Emissions
10 Arc_Coat Architectural Coatings
4.2 Ambient Data
Concentrations found below detection limits for the PAMS species were replaced 
with the method detection limit. This occurred for 34% of 2-Methyl- 1-Pentene, 5% of 
Iso-Propylbenzene, 80% of 1,3-Diethylbenzene and 35% of 1,4-Diethylbenzene samples. 
Concentrations found below detection limits for non PAMS species were left untouched
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in order to not unjustly raise the concentration of the “Other” category.
The weight percentage o f the 55 PAMS compounds was calculated for each 
sampling site. In general, PAMS compounds should account for 80% of ambient 
hydrocarbons in urban areas (Watson, 2004). In this study it was found that on average 
the PAMS compounds accounted for 94% o f the total hydrocarbons measured which is 
above the recommended 80%.
A statistical analysis on the variability of the daily samples throughout the week 
for each sampling site was performed. The mean, standard deviation, minimum, median, 
maximum and skewness were calculated for the daily concentrations throughout the 
week. The results for each site are given in Appendix B. For the ease of readability only 
mean, standard deviation and skewness were reported.
The concentrations o f each species were averaged over the week for each 
sampling site. A statistical analysis on the variability of the sample averages for each of 
the 55 PAMS species and “Other” was performed. The mean, standard deviation, 
minimum, median, maximum, coefficient o f variance, interquartile range, and skewness 
were calculated for each species and for both seasons. Histograms were plotted for each 
species with the line o f best fit shown. The results o f the statistical analysis are given in 
Table 4-7 for winter and Table 4-8 for summer.
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Table 4-7: Statistics of Species Variation for Winter Data
Species [pg/m3] Mean StDev Min Median Max CoefVar IQR Skew­ness
Ethene 3.19 1.53 1.38 2.76 8.33 48.14 1.78 1.39
Acetylene 2.09 0.81 0.81 1.93 4.19 38.58 1.32 0.76
Ethane 8.20 2.52 2.45 7.58 16.85 30.78 2.66 1.09
Propene 0.56 0.30 0.28 0.44 2.11 54.68 0.30 3.08
Propane 4.03 1.41 1.40 3.70 9.21 34.90 1.37 1.58
Isobutane 1.53 0.72 0.73 1.28 3.58 46.92 0.69 1.58
1-Butene 0.30 0.16 0.17 0.25 1.13 53.30 0.14 3.16
Butane 4.39 1.89 1.92 3.85 10.80 43.11 1.24 1.79
t-2-Butene 0.07 0.03 0.03 0.06 0.18 47.74 0.04 1.78
c-2-Butene 0.06 0.03 0.03 0.05 0.15 46.35 0.03 1.81
Isopentane 2.49 1.27 1.11 2.06 7.34 51.23 1.33 1.77
1-Pentene 0.04 0.02 0.02 0.04 0.11 45.87 0.02 1.78
Pentane 1.38 0.72 0.69 1.16 4.30 52.59 0.78 2.06
Isoprene 0.04 0.03 0.02 0.03 0.16 67.66 0.02 2.50
t-2-Pentene 0.06 0.04 0.03 0.05 0.19 55.98 0.03 1.85
c-2-Pentene 0.03 0.02 0.01 0.02 0.09 54.69 0.01 1.86
2,2-Dimethylbutane 0.07 0.03 0.03 0.06 0.18 46.73 0.03 1.53
Cyclopentane 0.11 0.06 0.05 0.09 0.30 54.56 0.05 1.80
2,3 -Dimethylbutane 0.12 0.06 0.06 0.09 0.37 55.81 0.05 2.00
2-Methylpentane 0.64 0.45 0.27 0.45 2.85 70.07 0.31 2.88
3 -Methylpentane 0.54 0.44 0.25 0.39 3.19 82.15 0.24 4.67
2-Methyl-1 -Pentene 0.05 0.03 0.03 0.04 0.26 67.78 0.01 5.49
Hexane 1.10 3.37 0.26 0.44 23.93 307.51 0.38 6.76
Methylcyclopentane 0.29 0.55 0.11 0.16 3.96 187.41 0.12 6.57
2,4-
Dimethylpentane 0.07 0.04 0.04 0.06 0.24 53.72 0.03 2.43
Benzene 1.04 0.42 0.42 0.90 2.63 40.25 0.43 1.78
Cyclohexane 0.09 0.08 0.04 0.07 0.52 87.89 0.04 3.73
2-Methylhexane 0.31 0.15 0.13 0.27 0.98 49.90 0.17 2.16
2,3-
Dimethylpentane 0.15 0.07 0.07 0.13 0.45 45.14 0.07 2.14
3-Methylhexane 0.33 0.16 0.16 0.27 0.97 47.94 0.21 1.90
2,2,4-
T rimethy lpentane 0.26 0.14 0.14 0.21 0.94 54.87 0.10 2.72
Heptane 0.24 0.12 0.12 0.19 0.68 48.01 0.16 1.56
Methylcyclohexane 0.09 0.04 0.04 0.08 0.22 44.48 0.04 1.47
2,3,4-
T rimethy lpentane 0.10 0.05 0.05 0.09 0.30 48.39 0.05 2.05
Toluene 4.31 8.97 0.95 2.69 64.69 208.41 2.09 6.61
2-Methylheptane 0.09 0.05 0.04 0.08 0.34 55.55 0.06 2.72
3-Methylheptane 0.09 0.05 0.04 0.08 0.31 53.29 0.06 2.06
Octane 0.12 0.06 0.06 0.10 0.34 49.09 0.07 1.57
Ethylbenzene 0.42 0.25 0.15 0.34 1.57 60.35 0.23 2.39
m,p-Xylene 1.10 0.69 0.39 0.92 4.42 62.99 0.57 2.63
Styrene 0.05 0.02 0.00 0.04 0.12 51.29 0.03 1.16
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Table 4-7 Continued
Species fpg/m3| Mean StDev Min Median Max CoefVar IQR
Skew­
ness
o-Xylene 0.35 0.20 0.13 0.29 1.25 57.43 0.22 2.24
Nonane 0.09 0.05 0.04 0.08 0.27 51.30 0.06 1.81
iso-Propylbenzene 0.02 0.01 0.01 0.02 0.06 43.93 0.01 1.98
n-Propylbenzene 0.07 0.03 0.03 0.06 0.20 48.63 0.03 1.79
3-Ethyltoluene 0.18 0.09 0.05 0.16 0.54 51.05 0.09 1.65
4-Ethyltoluene 0.09 0.05 0.03 0.08 0.25 52.09 0.04 1.60
1,3,5-
T rimethy lbenzene 0.08 0.04 0.01 0.07 0.23 51.41 0.05 1.32
2-Ethyltoluene 0.07 0.04 0.03 0.07 0.20 47.77 0.04 1.37
1,2,4-
T rimethy lbenzene 0.25 0.13 0.04 0.23 0.64 50.19 0.13 1.13
Decane 0.11 0.07 0.05 0.08 0.48 67.63 0.07 3.29
1,2,3-
T rimethy lbenzene 0.05 0.02 0.01 0.05 0.12 47.16 0.03 0.92
1,3 -Diethylbenzene 0.02 0.00 0.00 0.02 0.03 18.94 0.00 -0.40
1,4-Diethylbenzene 0.06 0.01 0.01 0.05 0.10 24.55 0.01 0.71
Undecane 0.10 0.07 0.03 0.08 0.44 68.37 0.03 3.43
Other 1.20 0.53 0.52 1.07 3.06 44.66 0.65 1.44
Total 42.61 24.89 23.31 36.64 184.92 58.41 15.32 4.22
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Table 4-8: Statistics of Species Variation for Summer Data
Species Jpg/m3] Mean StDev Min Median Max CoefVar IQR
Skew­
ness
Ethene 1.46 0.43 0.52 1.33 2.41 29.35 0.60 0.53
Acetylene 0.71 0.24 0.25 0.68 1.43 34.15 0.33 0.68
Ethane 3.72 1.28 1.63 3.57 7.59 34.45 1.85 1.02
Propene 0.52 0.12 0.36 0.51 0.98 22.49 0.16 1.52
Propane 3.97 1.04 2.47 3.75 7.16 26.25 1.45 1.04
Isobutane 1.34 0.53 0.70 1.20 3.05 39.23 0.55 1.60
1-Butene 0.29 0.06 0.20 0.28 0.52 21.98 0.07 1.36
Butane 3.28 1.36 1.78 2.95 8.65 41.54 1.36 2.15
t-2-Butene 0.08 0.05 0.03 0.07 0.26 56.31 0.04 2.11
c-2-Butene 0.07 0.03 0.03 0.06 0.19 47.00 0.03 2.04
Isopentane 4.51 2.28 2.10 3.97 12.85 50.51 2.35 1.92
1-Pentene 0.07 0.02 0.04 0.06 0.12 27.19 0.02 0.85
Pentane 2.77 1.59 1.14 2.39 9.13 57.30 1.32 2.55
Isoprene 0.59 0.49 0.14 0.40 2.14 83.01 0.38 1.94
t-2-Pentene 0.14 0.09 0.04 0.11 0.35 62.30 0.11 1.13
c-2-Pentene 0.06 0.03 0.02 0.05 0.14 55.51 0.04 1.13
2,2-Dimethylbutane 0.12 0.05 0.05 0.11 0.37 44.28 0.05 2.73
Cyclopentane 0.23 0.15 0.09 0.20 0.99 62.98 0.10 3.43
2,3-Dimethylbutane 0.22 0.12 0.10 0.19 0.80 55.13 0.10 3.35
2-Methylpentane 1.06 0.69 0.35 0.92 4.38 64.94 0.54 3.29
3 -Methy lpentane 0.82 0.47 0.34 0.68 3.30 57.69 0.38 3.66
2-Methyl-1 -Pentene 0.06 0.02 0.03 0.06 0.11 30.89 0.03 0.74
Hexane 0.91 0.67 0.30 0.73 4.43 74.13 0.49 3.68
Methylcyclopentane 0.35 0.20 0.12 0.29 1.39 58.12 0.18 3.33
2,4-Dimethylpentane 0.10 0.05 0.04 0.09 0.38 53.34 0.05 3.63
Benzene 0.86 0.22 0.53 0.81 1.36 26.01 0.37 0.51
Cyclohexane 0.11 0.04 0.06 0.11 0.21 33.21 0.06 0.67
2-Methylhexane 0.46 0.19 0.22 0.43 1.27 41.79 0.24 1.89
2,3 -Dimethy lpentane 0.22 0.12 0.11 0.21 0.87 54.21 0.10 3.98
3-Methylhexane 0.51 0.22 0.26 0.48 1.30 42.05 0.26 1.52
2,2,4-
T rimethy lpentane 0.31 0.14 0.14 0.28 1.00 43.95 0.15 2.89
Heptane 0.32 0.15 0.14 0.29 0.87 46.03 0.19 1.61
Methylcyclohexane 0.12 0.04 0.06 0.11 0.23 34.44 0.06 0.88
2,3,4-
T rimethy lpentane 0.10 0.04 0.05 0.10 0.26 38.41 0.05 1.55
Toluene 5.96 2.78 2.70 5.19 14.53 46.60 3.38 1.23
2-Methylheptane 0.11 0.04 0.06 0.11 0.24 32.86 0.05 1.05
3-Methylheptane 0.16 0.11 0.06 0.12 0.63 72.28 0.08 2.50
Octane 0.26 0.30 0.08 0.16 1.53 114.28 0.12 2.90
Ethylbenzene 0.75 0.44 0.37 0.66 3.33 59.35 0.33 4.63
m,p-Xylene 2.17 1.69 0.93 1.79 12.26 77.90 1.05 4.92
Styrene 0.07 0.04 0.03 0.06 0.31 65.67 0.03 4.21
o-Xylene 0.70 0.57 0.30 0.59 4.16 82.24 0.33 5.17
Nonane 0.19 0.29 0.06 0.12 1.88 154.20 0.06 4.82
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Table 4-8 Continued
Species [pg/m3] Mean StDev Min Median Max CoefVar IQR Skew­ness
iso-Propylbenzene 0.05 0.09 0.02 0.03 0.66 191.81 0.02 6.31
n-Propylbenzene 0.24 0.60 0.06 0.12 3.85 248.42 0.07 5.50
3-Ethyltoluene 0.73 1.96 0.13 0.31 11.64 270.09 0.20 4.95
4-Ethyltoluene 0.36 1.01 0.06 0.16 6.18 279.17 0.09 5.14
1,3,5-
T rimethy lbenzene 0.38 1.10 0.06 0.15 6.57 287.80 0.10 5.00
2-Ethyltoluene 0.30 0.85 0.06 0.13 5.49 283.39 0.08 5.57
1,2,4-
T rimethy lbenzene 1.25 3.59 0.19 0.55 22.99 286.46 0.34 5.53
Decane 0.55 0.93 0.07 0.20 5.60 169.63 0.25 4.00
1,2,3-
T rimethy lbenzene 0.24 0.63 0.05 0.12 4.01 257.57 0.06 5.48
1,3 -Diethylbenzene 0.04 0.07 0.01 0.02 0.53 203.32 0.01 6.52
1,4-Diethylbenzene 0.13 0.19 0.05 0.09 1.40 150.80 0.04 6.40
Undecane 0.31 0.39 0.10 0.20 2.01 125.64 0.11 3.59
Other 2.79 0.80 1.50 2.60 5.00 28.81 0.95 0.87
Total 49.57 18.05 26.54 46.77 103.3 36.41 20.08 1.38
Generally the summer samples had higher concentrations of most species 
measured compared with the winter samples. Some notable exceptions to this trend were 
ethane, ethene, acetylene and benzene.
Special attention was given to species with skewness values greater than 6 which 
indicates potentially heavy influence on the mean by o f a few large numbers. This 
occurred for iso-Propylbenzene, 1,3-Diethylbenzene and 1,4-Diethylbenzene in the 
summer data and for Hexane, Methylcyclopentane and Toluene in the winter data. 
However after consulting with the Health Canada researchers and examining the field 
notes, no source o f error was found. Therefore it was determined that no data should be 
omitted from the analysis. Figure 4-1 shows sample histograms for the summer season 
with low, medium and high skewness values. The winter season histograms gave similar 
results. Histograms for all the species are given in Appendix C.
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Figure 4-1: Sample Histograms with Low, Medium and High Skewness
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4.3 Sensitivity Tests
The MPIN weights were evaluated to determine the most influential species for 
the four vehicle related sources. Table 4-9 shows the species chosen and used for the 
sensitivity tests.
Table 4-9: Species Used for Sensitivity Tests
Source Influential Species
Diesel Exhaust Propene, Decane, Undecane
Gasoline Exhaust Acetylene, Isopentane, Hexane
Gasoline Vapour Isobutane, Butane, Isopentane
Liquid Gasoline Isopentane, Toluene, m&p-Xylene
In the first test the uncertainties o f the influential species were each increased by 
50 percent o f their original values. The model was run with the worst case profiles 
inputted separately. The results are shown in Table 4-10. As can be seen the results of 
the sensitivity test are very good. The changes in the source contribution estimates using 
the worst case profiles are far less than the standard errors. Therefore the source profiles 
can be considered stable.
For the second sensitivity test the concentrations of the three most influential 
species for each of the four sources were alternately raised and lowered by one 
uncertainty interval. The model was run with the altered ambient data for each case 
inputted individually. The results are shown in Table 4-11. Once again, the results from
th e  second  sen sitiv ity  te s t are very  good. T h e  changes in  th e  sou rce  co n trib u tio n  
estimates after small perturbations in the ambient data are far less than the standard 
errors. Therefore the ambient data can be considered stable. The results o f the two 
sensitivity tests indicate the results o f the CMB modelling are stable.
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Table 4-10: Results of Sensitivity Test 1
Original Results
Diesel
Exhaust
Gasoline
Exhaust
Liquid
Gasoline
Gasoline
Vapour Biogenic CNG LPG
Industrial
Refinery
Architectural
Coatings
Coke
Oven
SCE (pg/m3) 4.06 8.20 0.77 9.57 0.42 5.16 2.27 5.34 8.00 1.01
st. err pg/m 0.87 2.32 0.56 2.29 0.08 1.13 0.76 2.04 2.31 0.69
Diesel Exhaust Species Uncertainties Increased by 50%
SCE (pg/m3) 3.64 8.33 0.78 9.52 0.42 5.17 2.28 5.28 7.98 1.10
SCEs
Difference
(pg/m3) 0.42 -0.13 -0.01 0.05 0.00 -0.01 -0.01 0.06 0.02 -0.08
Gasoline Exhaust Species Uncertainties Increased by 50%
SCE (pg/m3) 4.06 8.02 0.79 9.55 0.42 5.18 2.27 5.40 8.05 1.01
SCEs
Difference
(pg/m3) 0.00 0.18 -0.02 0.03 0.00 -0.01 0.01 -0.06 -0.05 0.00
Liquid Gasoline Species Uncertainties Increased by 50%
SCE (pg/m3) 4.06 8.21 0.75 9.58 0.42 5.16 2.27 5.34 8.04 1.02
SCEs
Difference
(pg/m3) 0.00 -0.01 0.02 0.00 0.00 0.00 0.00 0.00 -0.04 0.00
Gasoline Vapour Species Uncertainties Increased by 50%
SCE (pg/m3) 4.06 8.27 0.79 9.51 0.42 5.16 2.28 5.11 8.01 1.02
SCEs
Difference
(pg/m3) 0.00 -0.07 -0.02 0.06 0.00 0.00 -0.01 0.23 -0.01 0.00
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Table 4-11: Results of Sensitivity Test 2
Original Results
Diesel
Exhaust
Gasoline
Exhaust
Liquid
Gasoline
Gasoline
Vapour Biogenic CNG LPG
Indus.
Refinery
Architect
Coatings
Coke
Oven
SCE (pg/m3) 4.06 8.20 0.77 9.57 0.42 5.16 2.27 5.34 8.00 1.01
st. err (pg/m3) 0.87 2.32 0.56 2.29 0.08 1.13 0.76 2.04 2.31 0.69
Diesel Exhaust Species Alterer
SCE (pg/m3) 3.88 8.28 0.79 9.57 0.42 5.17 2.28 5.29 8.03 1.11
SCEs Difference 
(pg/m3) 0.18 -0.08 -0.02 0.00 0.00 -0.01 0.00 0.05 -0.03 -0.09
Gasoline Exhaust Species Altered
SCE (pg/m3) 4.10 8.23 0.75 9.18 0.42 5.17 2.26 5.51 8.05 0.98
SCEs Difference 
(pg/m3) -0.04 -0.03 0.02 0.39 0.00 0.00 0.01 -0.17 -0.05 0.04
Liquid Gasoline Species Altered
SCE (pg/m3) 4.08 8.14 0.82 9.08 0.42 5.16 2.26 5.53 7.99 0.97
SCEs Difference 
(pg/m3) -0.02 0.06 -0.05 0.49 0.00 0.00 0.01 -0.19 0.01 0.04
Gasoline Vapour Species Altered
SCE (pg/m3) 4.04 8.13 0.76 9.98 0.42 5.16 2.27 5.44 8.03 1.03
SCEs Difference 
(pg/m3) 0.02 0.07 0.01 -0.41 0.00 0.00 0.00 -0.10 -0.03 -0.02
All Vehicle Species Altered
SCE (pg/m3) 4.15 8.29 0.81 9.98 0.42 5.16 2.27 5.37 8.05 0.96
SCEs Difference 
(pg/m3) -0.09 -0.08 -0.04 -0.41 0.00 0.00 0.00 -0.03 -0.05 0.05
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4.4 Model Output
The ambient data and source profiles were inputted into the CMB model to 
perform the source apportionment. The mean, standard deviation, minimum, median and 
maximum of the R-square, Chi-square and percent mass attributed for the winter and 
summer seasons are shown in Table 4-12.
Table 4-12: CMB Performance Measures
Winter
Mean St. dev. Min Qi Median Q3 Max
R-square 0.85 0.03 0.73 0.84 0.85 0.86 0.90
Chi-square 4.06 0.78 0.92 3.69 4.16 4.46 5.75
% Mass Attributed 97.2 11.0 57.9 93.8 97.3 101.2 142.6
Summer
Mean St. dev. Min Ql Median Q3 Max
R-square 0.87 0.05 0.73 0.84 0.89 0.91 0.93
Chi-square 3.35 1.58 1.65 2.27 2.72 3.67 8.21
% Mass Attributed 116.7 18.1 37.1 114.2 121.8 125.2 136.5
The R-squares for most of the samples for both seasons are well above the 
recommended minimum of 0.8. Although there are a few samples that fall below 0.8, the 
lower quartiles are 0.84 for both seasons and are therefore satisfactory. The upper 
quartile chi-square for the summer season is below the recommended maximum of 4.0. 
The winter chi-square is slightly above, with an upper quartile o f 4.46, a mean of 4.06 
and a median o f 4.16. Since these values are only slightly out of range, it was deemed 
acceptable since the alternative of eliminating one or more sources would limit the 
usefulness o f the results. The same decision was made in the case of the summer percent 
mass attributed, where the upper quartile and median are slightly above the recommended 
maximum of 120%, with values of 125.2% and 121.8% respectively. Excluding coatings
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as a source significantly reduces the percent mass attributed. However as explained in 
the source profile evaluations, including coatings as a source gives a useful indication of 
the potential contribution. The percent mass attributed for the large majority o f the 
winter season samples are well within the recommended range, with an upper quartile of 
101.2% and a median of 97.3%.
The mean, standard deviation, minimum, median and maximum of the source 
contribution estimates and the associated errors for the winter and summer seasons are 
shown in Tables 4-13 and 4-14. The results for the individual samples are given in 
Appendix D.
Table 4-13: Winter Source Contributions (pg/m )
Mean St. dev. Min Median Max
Diesel Exhaust 1.91 1.88 0.69 1.31 11.17
st. error 0.55 0.39 0.26 0.41 2.29
Gasoline Exhaust 7.63 5.48 3.29 5.78 35.18
st. error 2.76 1.33 1.50 2.22 7.68
Liquid Gasoline 1.62 1.91 -3.07 1.35 8.02
st. error 2.16 1.07 1.16 1.74 6.24
Gasoline Vapour 5.84 3.42 2.47 4.74 18.50
st. error 1.66 0.87 0.79 1.34 4.78
Commercial Natural Gas 9.82 3.43 5.56 8.52 20.59
st. error 2.19 1.00 1.21 1.85 7.03
Liquefied Petroleum Gas 1.96 0.90 0.88 1.66 4.56
st. error 0.99 0.38 0.06 0.87 2.17
Industrial Refinery 6.96 4.51 3.46 4.99 27.15
st. error 2.01 1.05 1.05 1.57 6.30
Coke Oven 2.30 1.04 1.05 1.96 6.05
st. error 0.67 0.31 0.34 0.55 1.60
Architectural Coatings 3.65 2.18 -1.17 3.29 9.21
st. error 2.08 1.45 0.76 1.64 9.79
Biogenic 0.04 0.03 0.01 0.03 0.15
st. error 0.02 0.01 0.01 0.02 0.06
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Table 4-14: Summer Source Contributions (pg/m )
Mean St. dev. Min Median Max
Diesel Exhaust 5.37 4.91 1.54 3.91 27.72
st. error 1.16 0.89 0.45 0.93 5.21
Gasoline Exhaust 11.16 4.70 0.50 11.76 21.54
st. error 2.84 0.98 1.53 2.54 6.79
Liquid Gasoline 1.74 3.67 -3.12 1.35 18.62
st. error 2.72 1.00 1.31 2.56 5.95
Gasoline Vapour 11.74 7.72 3.32 9.58 43.59
st. error 2.81 1.41 1.22 2.45 8.43
Commercial Natural Gas 4.92 1.86 2.10 4.76 10.65
st. error 1.10 0.38 0.48 1.06 2.30
Liquefied Petroleum Gas 2.85 0.99 1.33 2.58 5.92
st. error 0.88 0.23 0.55 0.84 1.59
Industrial Refinery 6.26 2.50 1.64 5.81 13.59
st. error 2.42 0.86 1.21 2.28 5.49
Coke Oven 1.41 0.75 -0.93 1.44 3.41
st. error 0.99 0.48 0.45 0.89 2.99
Architectural Coatings 9.31 5.73 1.83 7.74 30.15
st. error 3.82 1.77 1.70 3.32 10.43
Biogenic 0.58 0.49 0.14 0.40 2.13
st. error 0.11 0.09 0.03 0.08 0.39
The mean, standard deviation, minimum, median and maximum of the percentage 
source contribution estimates and the associated errors for the winter and summer seasons 
are shown in Tables 4-15 and 4-16.
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Table 4-15: Winter Source Contributions (%)
Mean St. dev. Min Median Max
Diesel Exhaust 4.25 2.39 0.96 3.43 13.18
st. error 1.24 0.40 0.62 1.13 2.71
Gasoline Exhaust 16.82 4.15 9.30 16.08 27.69
st. error 6.38 1.02 4.15 6.33 12.00
Liquid Gasoline 4.09 4.03 -3.62 4.05 18.85
st. error 4.97 0.72 3.37 4.97 8.28
Gasoline Vapour 13.33 3.73 8.07 12.24 25.58
st. error 3.78 0.64 2.59 3.62 5.75
Commercial Natural Gas 23.89 4.07 8.65 24.66 30.42
st. error 5.32 1.86 1.97 5.25 16.52
Liquefied Petroleum Gas 4.80 1.85 2.04 4.14 10.35
st. error 2.37 0.58 0.25 2.35 4.70
Industrial Refinery 15.82 4.44 9.56 14.58 34.27
st. error 4.60 0.75 3.41 4.48 8.01
Coke Oven 5.48 1.30 1.46 5.40 10.33
st. error 1.55 0.22 0.86 1.50 2.44
Architectural Coatings 8.67 3.22 -0.63 8.66 16.70
st. error 4.58 0.83 3.21 4.52 8.01
Biogenic 0.08 0.03 0.04 0.07 0.21
st. error 0.04 0.01 0.03 0.04 0.06
Table 4-16: Summer Source Contributions (%)
Mean St. dev. Min Median Max
Diesel Exhaust 11.50 10.43 2.79 9.36 60.05
st. error 2.46 1.82 0.78 2.07 10.75
Gasoline Exhaust 23.69 7.53 0.97 25.47 33.30
st. error 6.08 1.74 3.29 5.91 13.25
Liquid Gasoline 3.65 6.98 -6.50 2.25 22.44
st. error 5.72 1.24 2.67 5.66 10.19
Gasoline Vapour 23.81 8.81 4.86 23.29 49.73
st. error 5.79 1.43 1.87 5.85 9.62
Commercial Natural Gas 10.71 3.63 2.57 10.44 19.95
st. error 2.39 0.75 0.63 2.34 4.21
Liquefied Petroleum Gas 6.30 2.34 2.06 6.11 14.25
st. error 1.94 0.52 0.65 2.01 3.75
Industrial Refinery 13.77 5.27 2.17 13.00 25.10
st. error 5.11 0.99 1.78 5.20 7.44
Coke Oven 3.14 1.41 -0.90 3.25 6.20
st. error 2.10 0.90 0.77 1.92 6.12
Architectural Coatings 19.07 7.17 1.77 17.71 35.91
st. error 7.90 1.77 2.45 7.89 11.90
Biogenic 1.29 1.14 0.31 0.88 5.26
st. error 0.24 0.20 0.08 0.17 0.94
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For the winter samples CNG was the greatest contributor with a mean o f 24% and 
a median of 25%. Gasoline exhaust, gasoline vapour and industrial refinery contributions 
were all fairly similar ranging in mean from 13.3% to 16.8% and median from 12.2% to 
16.1%. Architectural coatings were estimated with a mean and median o f 8.7%. Coke 
ovens, LPG, diesel exhaust and liquid gasoline contributions fell in the same range with 
means varying between 4.1% and 5.5% and medians between 3.4% and 5.4%. Biogenic 
emissions were almost non-existent as is expected during the winter months.
The source contribution estimates were quite different for the summer as 
compared to the winter phase. It is logical for vapour emissions to increase during 
summer as the temperature is higher and evaporation is increased. The estimated 
contributions for the vehicle related sources (diesel exhaust, gasoline exhaust, gasoline 
vapour and liquid gasoline) were all significantly higher than the winter estimates. 
Gasoline exhaust and gasoline vapour were the two largest contributors, each 
contributing approximately 24% in mean and median. Diesel exhaust contributions were 
estimated with a mean o f 11.5% and a median of 9.4% and liquid gasoline was estimated 
with a mean and median of 4.1%. Architectural coatings contributions also increased 
significantly to a mean of 19.1% and a median of 17.7%. The LPG contributions 
increased slightly while the industrial refinery and coke oven contributions decreased 
slightly though not significantly. Biogenic emissions were minor with an estimated mean 
contribution o f 1.3% and median 0.9%. As described in Chapter 3, biogenic emissions 
are highly reactive in the atmosphere, and source contributions derived from CMB 
modeling will supply only a lower limit to the actual contributions from biogenic 
emissions (Fujita and Lu, 1998).
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The source contribution estimates for both liquid gasoline and coke ovens were 
somewhat unstable with negative source contribution estimates resulting for some of the 
samples. High standard errors resulted for liquid gasoline in particular. This was 
probably because the contributions for both sources were near zero which can result in 
high standard errors and negative contribution estimates (Watson, 2004).
The model consistently over predicted the summer source contributions, with an 
average total percent mass explained of 117%. For analysis purposes the source 
contribution estimates could be normalised to 100%. However, in order to appreciate the 
increase in estimated contributions from winter to summer, the values were left in the 
current format. No studies reviewed were found to normalise the source contribution 
estimates to 100%.
It should be noted that the results from using all o f the summer ambient samples 
were very similar to what was predicted using the test subset of 5 samples. Therefore the 
use o f the subset is justified.
The most significant difference between the two seasons was the large decrease in 
CNG contributions from a winter mean and median of 23.9% and 24.7% respectively to a 
summer mean and median of 10.7% and 10.4% respectively. The CNG contribution was 
higher for winter than summer for every site but one (P37). No outliers were found in the 
dataset for CNG contributions. The unexpectedly high CNG estimates for winter resulted 
from the large amounts o f ethane found in the winter samples. CNG is composed 
primarily o f ethane; approximately 70%. By comparison ethane comprises less than 3% 
of vehicle exhaust and 4% of LPG. The reason such an increase in ethane was found 
during the winter is unclear. Further investigation is recommended.
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It should be noted that the source apportionment results from the NAPS samples 
resulted in only an 8.6% contribution estimate for CNG compared with the mean value 
for all the winter samples of 23.9%. This is relevant since the NAPS data was acquired 
independently from the data collection for this study. This could indicate that the high 
CNG values resulted from an error in sampling or analysis during this study. Another 
possibility for the difference could be from the sampling locations; the samples in this 
study were located in residential backyards whereas the NAPS sampling station is located 
roadside.
As mentioned in Chapter 2, the CMB Protocol states that vehicle emissions are 
almost always the greatest VOC source (Watson, 2004). This was the case for this study, 
where vehicle emissions were consistently the greatest VOC source throughout the city 
and over both seasons. When the contribution estimates for vehicle sources were divided 
by the total percent mass attributed, the resulting value was greater than any one source 
contribution for every sample in both seasons. The vehicle emissions ranged between 
32.3% and 54.7% of the total for winter with a mean of 39.6% and a median o f 38.3%. 
For the summer samples the vehicle emissions ranged between 43.7% and 73.6% of the 
total with a mean o f 53.9% and a median o f 53.0%.
For both seasons the large contributions estimated for gasoline vapour (i.e. 13% 
winter mean and 24% summer mean) were unexpected. In most o f the reviewed source 
apportionments, gasoline vapour was found to be approximately half that of gasoline 
exhaust. One possible explanation for this finding is the difference in sampling locations 
in this study compared to most other source apportionment studies. The sampling 
locations for this study consisted o f residential backyards, whereas for most of the source
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apportionment studies reviewed, the ambient sampling took place roadside. It is possible 
that the backyard samples were unduly influenced by the gasoline vapour emissions from 
vehicles parked near the receptor equipment. However the NAPS location also resulted 
in a high gasoline vapour estimate of 17%. Another possibility is that the gasoline 
exhaust and vapour profiles exhibit some collinearity and gasoline exhaust emissions are 
being misidentified as gasoline vapour emissions.
The summer samples had two sites (P4 and P10) with exceptionally high gasoline 
vapour estimates (47.1% and 49.7% compared with the mean for all samples o f 23.8%). 
This was a result o f the unusually high concentrations o f butane, t-2-butene and 
isopentane, 3 o f the 4 primary species in gasoline vapour, found at both of the sites. The 
sites are located in close proximity to one another in the east end o f Windsor; however no 
obvious source of gasoline vapour could be found for the area. Even if  the two sites are 
treated as outliers and eliminated from the group, due to the large sample size, the mean 
does not decrease significantly (23.8% reduced to 22.7%).
Further investigation o f the high gasoline vapour estimates is recommended. The 
accuracy o f the high concentrations sampled and contributions calculated should be 
examined, and if  confirmed, a means to reduce gasoline vapour should be researched. 
More focus should be placed on the automotive industry to reduce evaporative emissions 
from vehicles. This could make a significant difference to Windsor’s air quality.
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4.5 Spatial Patterns of Source Contributions
Figures 4-2 through 4-15 show the locations o f samples with “High” and “Low” 
estimated contributions for each source and for both seasons. Maps for liquid gasoline, 
LPG, coke ovens and biogenic emissions were not developed since the estimated 
contributions for these sources were relatively minor. Figures 4-5 and 4-9 show the 
locations of samples categorised “High” and “Low” for all three vehicle related sources 
combined: diesel exhaust, gasoline exhaust and gasoline vapour, for winter and summer 
respectively.
A review o f the maps leads to some general trends. In most cases when a site was 
designated “High” for one source, it was also high for the other sources. On average 84% 
of the winter “High” sites were also high for at least 2 other sources, and frequently more 
than 2. For the summer sites this was true for 77% of the “High” sites. The trend was 
slightly less evident for sites categorised as “Low”. On average 74% of the winter “Low” 
sites and 61% of the summer sites were also low for at least 2 other sources. No 
significant trend could be found to correlate the incidences o f “High” or “Low” sites 
between two sources specifically.
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The spatial patterns o f source contribution estimates were quite different between 
the two seasons. On average for all six sources, 34% of the winter “High” sites were 
designated “High” in summer and 27% of the winter “Low” sites were “Low” in summer. 
These results indicate possible seasonal variability in the source emissions, wind patterns 
and/or atmospheric mixing. The calculations for these values are shown in Appendix E.
The maps suggest a general trend towards high vehicle source contribution 
estimates near major traffic routes (Figures 4-2 to 4-9). This is more evident for the 
winter samples. Generally during the winter months when temperatures are cooler, there 
is weaker atmospheric mixing and slower chemical reactions. This might explain why 
the winter sites exhibit a more obvious traffic influence. A general trend for all sources 
and both seasons indicates lower emissions in the area east o f Lauzon Road. However 
some sites in this area were still found to be high such as P4 (gasoline exhaust and vapour 
and coatings), P14 (diesel, gasoline vapour, CNG and industrial refineries) and P29 
(gasoline vapour and industrial refineries) during the summer, P l l  (all except diesel), 
P29 (CNG and coatings) and P45 (diesel) during the winter, and site P10 was consistently 
high for all sites during both seasons.
4.5.1 Vehicle Emissions: Winter
Sites P7, P I3, P24, P27, P37 and the NAPS site resulted in high source 
contributions for diesel exhaust, gasoline exhaust and gasoline vapour during the winter 
phase (Figure 4-5). All o f these sites are in close proximity to Huron Church Road; a six- 
lane major traffic route for local and cross-border traffic. However site P30, also near to 
Huron Church Road, resulted in low source contributions for these vehicle sources.
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Nevertheless, there is clearly a connection between high vehicle emissions and Huron 
Church Road for the winter sampling phase. Given the large residential community 
surrounding Huron Church Road, a mitigation plan is recommended. Most certainly a 
portion of these emissions could be reduced by easing traffic congestion and idling trucks 
in this area. An alternative traffic route to Huron Church Road is urgent.
Sites P25 and P46 located along the Detroit River and near Riverside Drive were 
found to have high vehicle related emission contributions. Site P36 also along this route 
was high for gasoline vapour emissions. Emissions may be high for this area due to the 
increased traffic along Riverside Drive and the nearby parallel roads to the south: 
University Avenue and Wyandotte Street. Emissions may also be travelling across the 
river from Detroit or from shipping activity along the river.
Source contribution estimates for all vehicle sources were high for site P22 
located along the major East/West corridor: the E.C. Row Expressway. However site 
P I5 located in close proximity to site P22 and also next to the E.C. Row Expressway, 
although found to be high for gasoline vapour was low for diesel emissions. Therefore 
no conclusion can be made regarding vehicle emissions along the expressway.
4.5.2 Vehicle Emissions: Summer
Spatial patterns for the summer samples were far less apparent. Very few sites 
were consistently high or low for all vehicle related sources (Figure 4-9). Only gasoline 
vapour (Figure 4-8) exhibited a similar pattern as the winter vehicle emissions, with high 
sites generally located near major roadways and low sites closer to the centre of 
residential subdivisions. The diesel and gasoline exhaust high and low sites were too
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variable in location to draw any concrete conclusions (Figures 4-6 and 4-7).
4.5.3 Commercial Natural Gas
The CNG emissions did not display any clear pattern (Figures 4-10 and 4-11). 
During the summer a “hot spot” of high sites were found in the city core bordered by the 
river, E.C. Row Expressway, Huron Church Road and Walker Road. The only potential 
trend that surfaced during the winter season was a potential correlation between CNG 
emissions and the riverfront area. Sites P25, P36, P43 and P46 are all located along the 
river and all resulted in high CNG estimated contributions.
This trend could be an indication that a significant amount o f CNG emissions are 
travelling across the border to Windsor. The atmospheric half-life o f ethane, the primary 
species composing CNG, is by far the highest o f all the PAMS species. Ethane has a 
half-life o f 668 hours compared to the mean and median for all 55 PAMS species half- 
lives of 42 hours and 24 hours respectively (PES, 1994). The long half-life means ethane 
is capable of long-range transport and could be travelling from the US.
A source apportionment study by Borbon et al. (2003) found ethane 
concentrations in Lille, France to be highest in the winter when compared with the other 
three seasons. The study found for species with long atmospheric half-lives such as 
ethane, the influence of local sources prevailed under low wind-speed conditions. On the 
contrary, high-wind-speed levels increased external air masses and the influence of 
distant contributions. Therefore in areas where wind-speeds are greatest in winter, long 
distance sources will contribute significantly. This study provides further support to the 
possibility o f long-range transport o f CNG from the US significantly contributing to
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Windsor’s airshed. The study also provides an explanation of why ethane concentrations 
were found to be much higher during winter. Further investigation is recommended to 
determine if  the US is the primary source of ethane for Windsor. If confirmed, efforts 
should be made to lobby US regulating bodies to reduce ethane emissions.
4.5.4 Industrial Refineries
The winter sites exhibited similar areas o f high and low concentrations for 
industrial refinery (Figure 4-12) emissions as those for vehicle emissions. A pattern of 
high concentration sites can be seen along Huron Church Road extending from the river 
to the start o f the 401 highway including sites P37, P24, P7, PI 3, P41, P9, P27, P29, P35 
and NAPS. However two sites along this path resulted in low contributions for industrial 
refinery emissions, P8 and P I2. It is unclear why industrial refinery emissions would be 
higher along major roads. It could be that no connection exists and the appearance o f a 
pattern is merely coincidental. As well, possibly some collinearity exists between vehicle 
emissions and industrial refineries and thus the model is incorrectly identifying vehicle 
emissions as industrial refinery emissions. Once again the summer sites exhibited no 
clear pattern for industrial refinery emissions (Figure 4-13).
4.5.5 Architectural Coatings
The sites with high and low architectural coatings contribution estimates appeared 
to be randomly located throughout the city (Figures 4-14 and 4-15). Locations for 
potential sources o f automotive paint emissions (marked on figures) include the 
automotive paint manufacturing plant BASF (Wyandotte and Crawford), the Daimler
103
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chrysler Assembly Plant (East of Walker Rd between Tecumseh Rd and E.C. Row 
Expressway) and the Daimler Chrysler Research Facility (Central Rd and E.C. Row 
Expressway). Sites P25, P28 and P36 are located near the BASF plant and sites P26, 
P21, P15 and P22 are relatively close to the Daimler Chrysler facilities. The sites near 
BASF were low in the winter but high in the summer. One o f the sites near Daimler 
Chrysler was high for winter while the others were average. For summer, three o f the 
sites were high and the other site was average. However it can not be concluded whether 
BASF or Daimler Chrysler are the source o f coatings resulting in the high summer sites. 
Since the maps show more of a random pattern o f high and low sites, the emissions are 
possibly being influenced by smaller commercial sites such as the many auto-body paint 
shops located throughout Windsor. Residential emissions may also be influencing the 
interspersed high and low coatings contributions. Residential sources include paints and 
thinners, household and automotive products including cleaning products, cosmetics, 
printing inks, as well as many other types o f coating products.
4.6 Comparison with Previous Source Apportionments
The results o f the source apportionment are compared with other source 
apportionment studies in Table 4-17. The three studies used for comparison were 
performed in locations close or somewhat similar to Windsor and were performed with 
the CMB model. All three studies were performed in the summer months and the results 
are reported as averages o f all samples. Therefore for comparison, the percent source 
contribution averages of all the summer samples are reported for this study. The results 
were normalised to 100% in order to match the format of the other studies.
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Table 4-17: Comparison of Source Apportionment Results
This Study Kenski el al. 
(1995)
Scheff et al. 
(1996)
Fujita and Lu 
(1998)
Sampling time and 
location
Windsor, ON 
2005
Detroit MI 
1988
Southeast MI 
1993
Northeast US 
1995
Site locations Residential
backyard
Next to 
highway
Roadside: 
urban and 
industrial
Variable (on 
or near roads, 
parks, 
industrial)
%
Contribution
%
Contribution
%
Contribution
%
Contribution
Gasoline Exhaust 20.3 28.2 38.4 40Diesel Exhaust 9.8 17
Gasoline Vapour 20.3 9.4 1.8 17
Liquid Gasoline 3.2 6.1 7
CNG 9.1 9
LPG 5.4 4
Industrial Refineries 11.8 16.5 7
Coke Ovens 2.6 3.7 2.9
Architectural
Coatings 16.3 2.5 4.9
Graphic Arts 4.7 4.1
Biogenic 1.1 4
Other 35.0 34.8 2
It is difficult to compare source apportionment studies since the sources included 
are different for each study. However a review o f other studies performed in similar 
sample areas is still worth investigating. O f the three studies used for comparison, only 
Fujita and Lu (1998) were able to separate vehicle exhaust into gasoline and diesel. 
Compared with Fujita and Lu’s values, the results from this study for gasoline and diesel 
exhaust are significantly lower. However when the gasoline and diesel exhaust 
contributions are summed into one vehicle exhaust category (31.1%), the result is fairly 
similar to those of Kenski et al. (28.2%) and Scheff et al. (38.4%).
The gasoline vapour estimate is only slightly higher than Fujita and Lu’s value
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but is much greater than Kenski et al. and Scheff et a /.’s values. When gasoline exhaust, 
diesel exhaust, gasoline vapour and liquid gasoline are summed into one vehicle emission 
category, another means of comparison can be made between the different studies. The 
total percent contribution for vehicle emissions for this study, Kenski et al., Scheff et al. 
and Fujita and Lu are 54%, 38%, 46% and 81% respectively. The CNG, LPG and coke 
oven estimates are very similar to the values for the other studies. There is some 
discrepancy between the different estimates obtained for industrial refineries, with the 
value for this study falling in between the values for Kenski et al. and Scheff et al.
O f greater concern is the difference in estimates for architectural coatings. It is 
suspected that the emissions apportioned to architectural coatings for this study represent 
all types o f coatings including graphic arts. Nevertheless the value obtained is much 
greater than the combined values of architectural coatings and graphic arts obtained by 
Kenski et al. and Scheff et al. The source apportionments for both Kenski et al. and 
Scheff et al. resulted in large percentages o f unexplained mass. Kenski et al. suggested 
that the unexplained for their study could be due to the omission of an industrial coatings 
profile. Inclusion o f the profile may have resulted in a larger total coatings estimate more 
similar to the results o f this study.
The biogenic emissions estimated for this study are lower than those for Fujita 
and Lu’s study. This is expected since Windsor has far less vegetation and forest cover 
compared with the Northeast US.
Another comparison that can be made is the total mass of NMHC measured at the 
receptor sites. The comparison can only be made with Fujita and Lu (1998) since theirs 
is the only study o f the three to use 24-hour samples. The average total measured NMHC
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O 1
for this study was 48.2 pg/m and for Fujita and Lu’s study was 59.8 pg/m . This 
indicates that Windsor does not experience an unusually high concentration o f VOCs. 
However further investigation should be made.
4.7 Comparison with 1994 MOEE Study
Meaningful comparisons between the 1994 MOEE study for Windsor and this 
study were limited by the incompatible study designs. The largest source found for the 
Windsor emission inventory by the MOEE was food emissions, which were not included 
as a source in this study. The gasoline motor vehicle emissions were estimated to be 
21.7% by the MOEE, compared to the estimate for this study (gasoline exhaust, vapour 
and liquid combined) of 35.2% for winter and 43.8% for summer after scaling to 100%. 
The diesel motor vehicle emissions were also estimated significantly less with an 
estimate o f 0.9% by the MOEE and estimates o f 4.4% (winter) and 9.8% (summer) by 
this study. However as mentioned in the literature review, the MOEE emission inventory 
is an inventory o f what is being emitted by Windsor, not of what is necessarily in 
Windsor’s air. Therefore comparison of the estimates may not be appropriate. As well, 
there is no guarantee that what industries are reporting is truly accurate. Stricter 
enforcement o f emissions reporting would lead to more accurate inventories and could 
help with source apportionments.
The MOEE source apportionment could provide a better means o f comparison; 
however the MOEE source apportioned 5 specific VOCs using a dispersion model, 
whereas this study apportioned total non-methane hydrocarbons using a receptor model. 
Therefore no meaningful comparison can be made on the two different types o f studies.
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4.8 Comparison with 2002 MOE Emission Inventory
The 2002 MOE VOC emission inventory for Ontario (MOE, 2005) can be 
compared with the results from this study. In the MOE inventory, road vehicles and 
other transportation are separate categories. For this study the source profiles used for 
vehicle emissions can be assumed to include on-road and off-road vehicles. The total 
transportation emissions for the MOE study (37%) can therefore be compared with the 
total vehicle emissions for this study (39.6% for winter and 53.6% for summer). The 
winter estimate for this study is very similar to the MOE estimate; however the summer 
estimate is a fair amount greater. The other categories are not easily comparable, 
however the high estimates by the MOE for general solvent use (19%) and 
printing/surface coatings (11%) should be noted as they lend credibility to the high 
architectural coatings estimates obtained by this study. It should be made clear though, 
that the MOE inventory estimates are for all of Ontario. Given the great diversity of 
Ontario’s levels and types o f emissions, the comparison should be viewed with caution.
4.9 Discussion of Receptor Locations
As mentioned briefly in the gasoline vapour discussion, a significant difference 
between this study and the majority o f source apportionment studies is the sampling 
location. Whereas air monitoring for most source apportionment studies takes place 
roadside, for this study the receptors were located in residential backyards. The different 
locations may have resulted in significant differences in receptor concentrations.
Roadside receptors will clearly be strongly influenced by vehicle traffic. Since 
most industrial sites are located near major traffic routes, roadside receptors may also
108
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experience high industrial emissions. With the flow of traffic and the open space o f large 
roads, greater ambient air mixing can be expected.
Residential backyard receptors may not experience the same level o f ambient air 
mixing as roadside receptors, especially if the backyard is enclosed or sunken in. This 
can result in less vehicle emissions sampled by the receptor. This is also the case for 
industrial emissions since residential areas are often located a fair distance from industrial 
sites. There are, however, other emissions that may be experienced in greater 
concentration compared with roadside receptors. Consumer solvents or coatings, such as 
paints, household cleaners, cosmetics and automotive products such as engine degreasers, 
starting fluids and carburettor cleaners, are all typical residential emissions (MOEE, 
1994). Barbeques, wood fires, and gasoline emissions from parked cars may all be 
emission sources felt in high concentrations by backyard receptors.
Due to the greater ambient air mixing near roadways, roadside receptor samples 
may give a better representation o f the general airshed characteristics for the area. 
However in terms of human exposure assessment, backyard samples may better depict 
the air quality actually experienced by the public. Not only is a significant portion of 
people’s outdoor time spent in backyards, especially during summer, but also the 
penetration of air from outdoor to indoor happens near the house. A backyard air sample 
may provide a more realistic indication as to the quality o f indoor air in comparison with 
roadside sampling. The ideal source apportionment study would therefore have receptors 
located throughout the city near roadways, industrial sites, residential homes, parks, and 
schools in order to capture the best possible representation of the air quality.
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4.10 Future Studies
Due to the great seasonal variability in temperature and humidity for Windsor, a 
meaningful source apportionment requires data from at least two seasons. The large 
seasonal variability in source contribution estimates observed in this study demonstrates 
the usefulness o f the two sampling sessions. A more accurate assessment o f human 
exposure to atmospheric pollutants was obtained.
In order to gain an even better understanding o f the VOC sources and spatial 
patterns for Windsor a second year o f data collection and analysis would be beneficial. 
This would enable investigation of inter-year variability in source contributions and 
spatial patterns. It would be useful to see if the seasonal trends observed in this study 
followed through for another year.
It would also be valuable to extend the source apportionment to include indoor 
and personal VOC sampling data. This would yield a more complete picture o f the VOC 
concentrations and sources affecting Windsor residents. Although outdoor ambient 
sampling is more commonly used for source apportionments, since the majority of 
Canadian’s time is spent indoors, indoor and personal sampling may be more 
representative o f the VOC concentrations experienced by the average person.
Ambient sampling in southeast Michigan would provide a wider scope to study 
the Windsor-Detroit airshed. With this data it would be easier to determine the sources of 
the VOC concentrations found in Windsor, i.e. local or transboundary. Using a 
Geographic Information System (GIS) to correlate VOC concentrations and distances to 
major roads, industrial sites, residential areas etc. could also be used to help interpret the 
CMB results. Another possibility would be to sample and source apportion other 
pollutants such as particulate matter alongside VOCs. The results could potentially help
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determine or confirm the contributions from certain source sectors.
For future studies o f this nature, an extensive collocated sampling procedure is 
recommended. This would enable more accurate uncertainty estimates for the ambient 
data and in turn more accurate source contribution estimate uncertainties. As well, the 
stability o f the ambient data could be more precisely assessed with the use of collocated 
samples. Although collocated samples are an added expense, their usefulness makes 
them well worth consideration
An excellent means of evaluating the results o f this study would be to perform a 
second source apportionment with the same data but with a different receptor model. 
Although the accuracy o f the models would then also be a variable, the results could still 
be useful. This would of course entail a significant amount o f work as the input 
requirements for receptor models can be quite different. Performing a source 
apportionment with a dispersion model would also provide a means of evaluating the 
CMB model results. This is in fact a recommended action of the CMB Protocol (Watson, 
2004). Dispersion models can also be useful to estimate the effects o f reducing source 
emissions. This could prove useful in determining the effects o f reducing traffic along 
Huron Church Road to the surrounding communities. Similar to the second receptor 
model, this is a costly option and may not be within the budget limitations o f a typical air 
quality study.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions
VOC ambient samples from the backyards o f Windsor residents during winter and 
summer o f 2005 were used for a source apportionment using the CMB model. Source 
profiles were compiled from literature and a subset o f ambient samples was used to 
evaluate the profiles. The profiles with the best CMB performance measures were 
chosen for the source apportionment. Sensitivity tests performed on the subset data 
indicated the ambient data and the source profiles chosen for use in the model were 
stable. The CMB performance measures for the full model results were deemed 
satisfactory. Chi-square was slightly high for the winter samples and total percent mass 
explained was somewhat high for the summer samples.
Sources that were found to have a contribution to Windsor’s airshed during the 
winter included gasoline exhaust (average value o f 47 sites: 17%), diesel exhaust (4%), 
gasoline vapour (13%), liquid gasoline (4%), commercial natural gas (24%), liquefied 
petroleum gas (5%), industrial refineries (16%), architectural coatings (9%) and coke 
ovens (5%). 3% of the NMHC remained unexplained by the model.
For the summer samples the source contributors included gasoline exhaust 
(average value o f 46 sites: 24%), diesel exhaust (12%), gasoline vapour (24%), liquid 
gasoline (4%), commercial natural gas (11%), liquefied petroleum gas (6%), industrial 
refineries (14%), architectural coatings (19%), coke ovens (3%) and biogenic emissions 
(1%). The model consistently over predicted the source contributions, with an average
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total percent mass explained of 117%.
Total vehicle emissions were consistently the greatest VOC source throughout the 
city and over both seasons. The vehicle emissions comprised 40% of the total emissions 
for winter and 54% of the total emissions for summer. The unusually high gasoline 
vapour contribution could be a result of vehicles parked near the backyard monitoring 
equipment or collinearity between the gasoline exhaust and gasoline vapour profiles.
A large seasonal variability was observed. Generally the summer samples were 
found to have higher concentrations o f most VOCs measured compared with the winter 
samples. Vehicle emissions increased significantly in the summer along with 
architectural coatings. CNG contribution estimates however, were significantly higher 
during the winter due to the large concentration of ethane sampled during the season. It 
is unclear why this occurred or whether it is a valid result. The large seasonal variability 
in source contribution estimates observed in this study demonstrates the usefulness of the 
two sampling sessions.
Spatial patterns o f areas of high and low source contribution estimates suggest a 
general trend towards high vehicle source contributions near major traffic routes. This 
was more evident for the winter samples. A connection between high vehicle emissions 
and Huron Church Road is suggested. The industrial refinery emissions appear to follow 
a similar pattern to vehicle emissions with higher concentrations along Huron Church 
Road extending to the 401 highway. Higher concentrations o f ethane were observed 
along the riverfront during the winter suggesting elevated exposure to CNG in this area. 
The long atmospheric half-life o f ethane signifies the possibility of long-range transport 
from the US. There was no indication of architectural coatings increasing in the areas of
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automotive paint production or application. Rather the areas of high architectural 
coatings contributions appear to be randomly interspersed throughout the city, signifying 
an influence by residential sources. A general trend for all sources and both seasons 
indicates lower emissions in the area east o f Lauzon Road.
The results o f the source apportionment were compared with three similar studies 
in Detroit (Kenski et al., 1995), southeast Michigan (Scheff et al., 1996) and the 
northeast US (Fujita and Lu, 1998). Total vehicle emissions including exhaust, gasoline 
vapour and liquid gasoline, were variable for all four studies, with the total for this study 
higher than Kenski et al. and Scheff et al. but lower than Fujita and Lu. The CNG, LPG 
and coke oven estimates showed good agreement with the values for the other studies. 
There was some discrepancy between the different estimates obtained for industrial 
refineries, with the value for this study in the middle range. The architectural coatings 
estimate was much greater for this study; however this could be due to inconsistency in 
coatings profiles resulting in incorrect apportionment o f different coatings.
The results o f this study are significant because it is the first large-scale study in 
Windsor to use residential backyard sampling to assess local air quality and human 
exposure. Inter-seasonal backyard sampling with an extensive spatial coverage provided 
for a meaningful source apportionment o f VOCs. With the most significant VOC sources 
affecting Windsor residents identified, more effective strategies to improve air quality 
and minimize its impact on the community can be achieved.
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5.2 Recommendations
Interface o f CMB model:
•  A more user-friendly output for the CMB model is recommended in order to ease 
the time required for post-processing.
•  It is recommended that all VOC source profiles be normalized to the sum of the 
55 PAMS species in order to form a more user-friendly profile database.
• The development o f a reliable and consistent coatings profile would significantly 
increase the accuracy and success o f source apportionment studies.
Future studies:
• Inter-year variability in VOC source contributions and spatial patterns could be 
investigated through a second year o f data collection and analysis.
•  Extending the source apportionment to include indoor and personal VOC 
sampling data would yield a more complete picture o f the VOC concentrations 
and sources affecting Windsor residents. Including receptor sites in southeast 
Michigan would also provide a more accurate assessment of the local airshed and 
an indication o f the geographical location o f contributing sources.
• Future studies should be designed with rigorous collocated sampling procedures 
to provide more accurate uncertainty estimates.
•  Performing source apportionments with a different receptor model and/or a 
dispersion model would provide a means to validate the CMB model results and 
predict the effects of source reductions.
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Regulatory actions:
• A mitigation plan is recommended to reduce the vehicle emissions surrounding 
Huron Church Road.
• More focus should be placed on the automotive industry to reduce evaporative 
emissions from vehicles in order to diminish the high levels experienced in 
Windsor
• Further investigation is recommended to determine if the US is the primary source 
of CNG emissions for Windsor. If  confirmed, efforts should be made to lobby US 
regulating bodies to reduce CNG emissions.
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Name 2-Ethyltoluene ±
1,2,4-
T rimethy lbenzene ± Decane ±
1,2,3-
Trimethylbenzene ±
1,3-
Diethylbenzene ±
01 Tu MchHD 0.018 0.010 0.068 0.042 0.024 0.006 0.015 0.009 0.000 0.001
02 Tu TusHD 0.013 0.005 0.028 0.017 0.014 0.001 0.010 0.004 0.000 0.001
03 Exh Linl 0.004 0.000 0.020 0.002 0.001 0.000 0.005 0.000 0.001 0.000
04 Exp Lin2 0.004 0.000 0.022 0.002 0.001 0.000 0.005 0.000 0.001 0.000
05 Exh Call 0.003 0.000 0.016 0.002 0.001 0.000 0.004 0.000 0.001 0.000
06 Vehicle 0.003 0.000 0.033 0.007 0.002 0.000 0.000 0.001 0.000 0.001
07 WA LIQ 0.008 0.001 0.039 0.011 0.000 0.000 0.009 0.001 0.003 0.001
08 BoglOl 0.005 0.002 0.028 0.004 0.001 0.000 0.004 0.003 0.001 0.001
09 LA liqGs 0.006 0.001 0.027 0.005 0.001 0.001 0.006 0.001 0.002 0.000
10 WA VAP 0.002 0.002 0.006 0.006 0.000 0.000 0.001 0.001 0.000 0.000
11 GasVap 2 0.000 0.002 0.001 0.001 0.000 0.002 0.000 0.002 0.000 0.002
12 BogvOl 0.002 0.001 0.008 0.003 0.000 0.001 0.002 0.001 0.000 0.001
13 LA Hsvap 0.003 0.001 0.014 0.005 0.001 0.000 0.003 0.001 0.000 0.000
14 GasVap 3 0.000 0.002 0.001 0.000 0.000 0.002 0.000 0.002 0.000 0.002
15 VGS710 0.000 0.002 0.003 0.001 0.000 0.002 0.000 0.002 0.000 0.002
16 CNG 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001
17 LPG 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001
18 Ind Ref 0.000 0.002 0.003 0.005 0.000 0.002 0.000 0.002 0.000 0.002
19 Coke Ovn 0.003 0.002 0.001 0.000 0.013 0.002 0.041 0.002 0.000 0.002
20 Arc Coat 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002 0.000 0.002
21 Grph Art 0.000 0.002 0.021 0.003 0.000 0.002 0.000 0.002 0.000 0.002
22 ACoatl96 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001
23 ICoat783 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001
24 Coatings 0.000 0.002 0.038 0.015 0.062 0.021 0.012 0.004 0.001 0.001
25 Biogenic 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001
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APPENDIX B:
Weekly Variation of Ambient Samples
Winter PI n=5 P2 n=5 P3 n=3
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 3.81 1.30 0.14 1.90 0.42 -0.87 1.38 0.10 n/a
Acetylene 2.58 0.71 0.29 1.48 0.26 -0.39 1.36 0.04 n/a
Ethane 8.72 2.28 -0.43 5.66 0.52 0.31 4.63 0.75 n/a
Propene 0.47 0.20 0.42 0.37 0.07 -1.82 0.31 0.03 -1.58
n-Propane 3.74 1.01 -0.84 2.39 0.18 -0.95 2.61 0.39 1.67
Iso butane 1.26 0.51 0.20 0.83 0.13 -0.11 2.03 2.07 1.72
1-Butene 0.22 0.11 0.71 0.20 0.03 -1.93 0.25 0.06 -0.69
n-Butane 3.62 1.36 -0.13 2.13 0.46 -0.66 4.58 4.13 1.67
t-2-Butene 0.06 0.04 0.59 0.04 0.01 -1.27 0.07 0.06 1.71
c-2-Butene 0.05 0.03 0.60 0.03 0.01 -1.44 0.05 0.05 1.69
Iso pentane 2.06 0.93 0.12 1.11 0.12 -1.45 1.98 1.62 1.57
1-Pentene 0.03 0.02 1.14 0.03 0.01 0.96 0.04 0.01 0.61
n-Pentane 1.10 0.52 0.04 0.70 0.07 -1.48 0.94 0.53 1.44
Isoprene 0.03 0.02 0.29 0.02 0.01 1.48 0.02 0.00 1.62
t-2-Pentene 0.05 0.03 0.55 0.03 0.00 0.78 0.04 0.02 1.44
c-2-Pentene 0.02 0.02 0.71 0.02 0.00 1.55 0.02 0.01 1.39
2,2-dimethyl butane 0.06 0.02 0.18 0.05 0.00 -0.68 0.06 0.03 1.00
Cyclo pentane 0.08 0.04 0.36 0.06 0.01 -0.49 0.09 0.06 1.31
2,3-Dimethyl butane 0.08 0.04 0.54 0.07 0.01 -1.81 0.09 0.06 1.28
2-Methyl pentane 0.45 0.24 0.37 0.38 0.07 0.67 0.43 0.24 0.86
3-Methyl pentane 0.38 0.19 0.37 0.28 0.03 -1.59 0.31 0.14 0.32
2-Methyl-1 -Pentene 0.03 0.02 0.85 0.03 0.00 0.30 0.03 0.00 -1.27
Hexane 0.38 0.17 0.12 0.32 0.05 -1.48 0.34 0.11 0.51
Methyl cyclo pentane 0.15 0.07 0.59 0.12 0.02 -1.65 0.14 0.06 0.13
2,4-Dimethyl pentane 0.05 0.03 1.02 0.04 0.01 -1.28 0.05 0.02 0.08
Benzene 0.96 0.28 -0.05 0.72 0.08 -0.71 0.69 0.09 0.13
Cyclo hexane 0.07 0.01 1.31 0.04 0.00 -0.88 0.04 0.01 -0.50
2-Methyl hexane 0.27 0.13 0.42 0.15 0.02 -1.05 0.15 0.04 -1.73
2,3-Dimethyl pentane 0.13 0.06 0.55 0.08 0.01 -0.03 0.09 0.03 -1.06
3-Methyl hexane 0.28 0.14 0.51 0.18 0.02 -1.03 0.17 0.05 -1.72
2,2,4-Trimethyl pentane 0.18 0.11 1.77 0.14 0.03 -0.95 0.17 0.05 -0.70
Heptane 0.20 0.09 0.34 0.16 0.02 -1.78 0.14 0.03 -1.71
Methylcyclo hexane 0.07 0.02 -0.29 0.04 0.01 0.42 0.05 0.01 -1.64
2,3,4-Trimethyl pentane 0.07 0.04 1.87 0.05 0.01 -1.90 0.05 0.01 -1.73
Toluene 2.48 1.38 0.27 1.09 0.13 -0.56 1.36 0.38 -0.47
2-Methyl heptane 0.08 0.04 0.33 0.05 0.01 0.11 0.04 0.01 -0.21
3-Methyl heptane 0.08 0.05 0.44 0.05 0.01 0.81 0.04 0.01 -0.17
Octane 0.11 0.07 0.80 0.06 0.01 0.07 0.06 0.02 1.54
Ethylbenzene 0.81 0.90 1.94 0.20 0.02 -0.12 0.17 0.04 0.56
m,p-Xylene 2.14 2.51 1.94 0.48 0.10 -0.07 0.40 0.11 1.33
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Winter PI n=5 P2 n=5 P3 n=3
Species mean st dev skew mean st dev skew mean st dev skew
Styrene 0.04 0.02 1.37 0.03 0.04 1.93 0.02 0.01 -1.53
o-Xylene 0.65 0.69 1.87 0.17 0.03 0.32 0.13 0.03 0.72
Nonane 0.08 0.04 0.35 0.05 0.01 0.32 0.05 0.02 1.67
iso-Propyl benzene 0.03 0.02 1.48 0.01 0.00 -0.52 0.01 0.00 1.07
n-Propyl benzene 0.07 0.04 1.39 0.04 0.01 -0.76 0.03 0.01 1.28
3-Ethyltoluene 0.21 0.14 1.79 0.10 0.04 -1.52 0.06 0.02 1.36
4-Ethyltoluene 0.09 0.05 1.59 0.05 0.02 -1.33 0.03 0.01 1.50
1,3,5-Trimethyl benzene 0.12 0.10 2.14 0.04 0.02 -1.38 0.02 0.02 -0.52
2-Ethyltoluene 0.10 0.07 1.82 0.05 0.02 -1.16 0.03 0.01 1.73
1,2,4-Trimethyl benzene 0.36 0.29 2.07 0.14 0.08 -1.38 0.08 0.04 0.41
Decane 0.07 0.03 0.06 0.08 0.05 1.50 0.06 0.04 1.62
1,2,3-Trimethyl benzene 0.08 0.06 2.02 0.03 0.02 -0.79 0.01 0.01 0.79
1,3-Diethyl benzene 0.02 0.01 1.94 0.01 0.00 -1.05 0.00 0.00 1.02
1,4-Diethyl benzene 0.04 0.02 1.70 0.03 0.01 -1.06 0.02 0.01 1.10
Undecane 0.06 0.03 0.74 0.05 0.02 -1.19 0.03 0.02 1.15
Winter P4 n=4 P5 n=5 P6 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 3.89 0.87 -0.05 2.86 1.06 n/a 2.95 n/a n/a
Acetylene 2.69 0.45 -0.88 2.05 0.77 n/a 1.78 n/a n/a
Ethane 9.88 1.80 0.20 9.20 2.42 n/a 8.68 n/a n/a
Propene 0.47 0.13 -0.12 0.41 0.17 -0.37 0.44 0.19 1.23
n-Propane 4.29 0.64 0.97 3.07 0.99 0.96 3.60 1.26 0.43
Iso butane 1.41 0.25 0.94 1.08 0.47 0.23 1.32 0.90 0.76
1-Butene 0.23 0.08 0.98 0.22 0.09 -0.72 0.23 0.11 1.41
n-Butane 4.08 0.35 0.49 3.85 1.46 -0.43 3.90 2.05 0.78
t-2-Butene 0.05 0.02 0.47 0.06 0.03 -0.86 0.05 0.03 1.48
c-2-Butene 0.05 0.02 0.57 0.05 0.02 -0.99 0.05 0.03 1.47
Iso pentane 2.40 0.37 -0.03 1.76 0.83 -0.55 1.98 1.33 1.12
1-Pentene 0.03 0.01 1.75 0.03 0.01 0.28 0.04 0.01 1.12
n-Pentane 1.25 0.18 0.06 0.95 0.42 -0.43 1.04 0.61 1.19
Isoprene 0.03 0.01 1.98 0.03 0.01 -0.27 0.03 0.02 1.77
t-2-Pentene 0.05 0.03 1.51 0.05 0.03 -0.60 0.05 0.03 1.66
c-2-Pentene 0.02 0.01 1.58 0.03 0.01 -0.52 0.02 0.02 1.76
2,2-dimethyl butane 0.06 0.01 1.63 0.05 0.02 -0.06 0.05 0.03 1.27
Cyclo pentane 0.09 0.02 0.14 0.08 0.03 -0.38 0.08 0.04 1.22
2,3-Dimethyl butane 0.09 0.03 1.20 0.08 0.04 -0.14 0.09 0.06 1.09
2-Methyl pentane 0.49 0.14 0.32 0.40 0.22 0.00 0.44 0.32 1.28
3-Methyl pentane 0.42 0.11 0.43 0.36 0.19 -0.01 0.41 0.25 1.08
2-Methyl-1 -Pentene 0.03 0.02 1.67 0.03 0.01 0.60 0.03 0.01 0.57
Hexane 0.42 0.08 -0.55 0.33 0.16 -0.03 0.44 0.23 0.35
Methylcyclopentane 0.17 0.05 0.56 0.15 0.08 -0.04 0.17 0.09 0.97
2,4-Dimethyl pentane 0.06 0.03 1.58 0.05 0.03 -0.13 0.06 0.04 1.11
Benzene 1.02 0.13 0.63 0.84 0.26 -0.21 0.86 0.28 0.77
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Winter P4 n=4 P5 n=5 P6 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Cyclo hexane 0.08 0.01 0.03 0.06 0.02 0.58 0.06 0.02 0.94
2-Methyl hexane 0.30 0.09 1.04 0.27 0.12 -0.13 0.27 0.15 1.69
2,3-Dimethyl pentane 0.14 0.05 1.47 0.13 0.06 -0.10 0.15 0.08 1.58
3-Methyl hexane 0.30 0.10 1.12 0.26 0.12 -0.16 0.27 0.15 1.51
2,2,4-Trimethyl pentane 0.23 0.13 1.62 0.21 0.11 0.00 0.26 0.17 1.13
Heptane 0.21 0.05 0.23 0.17 0.07 -0.35 0.17 0.10 1.35
Methylcyclohexane 0.08 0.02 0.02 0.06 0.02 0.19 0.07 0.04 1.31
2,3,4-Trimethyl pentane 0.09 0.05 1.79 0.09 0.04 -0.56 0.11 0.07 1.05
Toluene 2.34 0.53 -0.05 2.10 1.08 0.16 2.62 2.00 0.66
2-Methyl heptane 0.08 0.02 -0.28 0.07 0.03 0.26 0.07 0.04 1.69
3-Methyl heptane 0.08 0.03 0.06 0.08 0.04 0.34 0.07 0.05 1.91
Octane 0.10 0.03 0.10 0.09 0.03 0.19 0.08 0.05 1.43
Ethylbenzene 0.30 0.09 1.65 0.38 0.16 1.16 0.32 0.21 1.67
m,p-Xylene 0.66 0.47 0.42 0.94 0.50 0.82 0.90 0.68 1.76
Styrene 0.04 0.03 -0.92 0.04 0.02 0.21 0.05 0.03 0.71
o-Xylene 0.23 0.13 0.34 0.30 0.16 0.63 0.27 0.18 1.77
Nonane 0.07 0.02 0.80 0.06 0.02 -0.17 0.07 0.04 1.44
iso-Propyl benzene 0.02 0.01 -0.68 0.02 0.01 0.12 0.02 0.01 1.41
n-Propyl benzene 0.05 0.04 0.37 0.06 0.03 0.22 0.06 0.04 1.55
3-Ethyltoluene 0.13 0.12 0.65 0.16 0.09 0.27 0.15 0.12 1.69
4-Ethyltoluene 0.06 0.05 0.48 0.08 0.04 0.26 0.07 0.05 1.57
1,3,5-Trimethyl benzene 0.06 0.06 0.89 0.08 0.04 0.07 0.07 0.06 1.59
2-Ethyltoluene 0.05 0.04 0.41 0.07 0.03 0.25 0.06 0.05 1.59
1,2,4-Trimethyl benzene 0.18 0.18 0.84 0.23 0.13 0.24 0.22 0.20 1.61
Decane 0.06 0.04 -1.08 0.06 0.02 0.23 0.08 0.06 1.03
1,2,3-Trimethyl benzene 0.04 0.03 0.43 0.05 0.02 0.12 0.05 0.04 1.46
1,3-Diethyl benzene 0.01 0.01 0.01 0.01 0.01 -0.01 0.01 0.01 1.08
1,4-Diethyl benzene 0.03 0.03 -0.34 0.05 0.01 0.17 0.04 0.03 0.93
Undecane 0.06 0.05 -0.48 0.05 0.02 0.19 0.08 0.06 0.61
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Winter P7 n=5 P8 n=5 P9 n=4
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 4.13 1.33 -1.41 2.76 1.17 n/a 4.40 1.04 -0.14
Acetylene 2.83 0.90 -0.09 1.81 0.98 n/a 2.98 0.66 -0.20
Ethane 10.63 3.32 -0.39 9.15 1.20 n/a 9.04 2.02 1.12
Propene 0.82 0.28 -1.48 0.40 0.12 0.15 0.64 0.21 0.00
n-Propane 5.38 1.99 -0.94 3.48 1.15 1.91 4.08 1.11 -1.66
Iso butane 2.04 0.86 -0.16 1.04 0.29 -0.40 1.31 0.43 -0.55
1-Butene 0.48 0.15 -1.87 0.20 0.06 -0.14 0.29 0.12 0.77
n-Butane 5.41 2.72 0.40 3.62 0.98 0.37 4.21 1.41 0.28
t-2-Butene 0.11 0.04 -0.44 0.05 0.02 0.20 0.08 0.04 0.37
c-2-Butene 0.09 0.03 -1.12 0.04 0.02 0.35 0.06 0.03 0.52
Isopentane 3.47 1.76 0.46 1.51 0.57 0.21 2.56 1.00 0.08
1-Pentene 0.09 0.03 -1.48 0.03 0.01 -0.53 0.04 0.01 1.45
n-Pentane 2.13 1.23 0.91 0.83 0.28 0.30 1.36 0.54 0.38
Isoprene 0.06 0.03 -0.24 0.02 0.01 0.07 0.04 0.02 0.79
t-2-Pentene 0.13 0.07 0.21 0.04 0.02 0.41 0.07 0.04 0.68
c-2-Pentene 0.07 0.03 -0.16 0.02 0.01 -0.02 0.03 0.02 0.96
2,2-dimethylbutane 0.14 0.05 -0.21 0.05 0.01 0.34 0.07 0.02 0.99
Cyclopentane 0.23 0.13 0.90 0.07 0.02 0.26 0.11 0.04 0.13
2,3 -Dimethylbutane 0.23 0.10 0.02 0.07 0.03 0.05 0.11 0.04 1.08
2-Methylpentane 1.26 0.62 0.36 0.34 0.14 0.44 0.65 0.29 0.69
3 -Methy lpentane 0.85 0.41 0.08 0.35 0.15 0.38 0.57 0.25 1.17
2-Methyl-1 -Pentene 0.08 0.03 -0.90 0.03 0.01 -0.62 0.04 0.02 0.74
Hexane 1.04 0.55 -0.18 0.34 0.15 0.61 0.59 0.29 1.46
Methylcyclopentane 0.41 0.18 -0.47 0.14 0.06 0.30 0.23 0.10 1.58
2,4-Dimethylpentane 0.13 0.05 -0.86 0.05 0.02 0.24 0.07 0.03 1.71
Benzene 1.53 0.57 -0.52 0.82 0.22 0.28 1.17 0.27 0.84
Cyclohexane 0.11 0.04 -0.51 0.06 0.01 0.72 0.09 0.02 1.06
2-Methylhexane 0.41 0.18 -0.36 0.23 0.07 0.78 0.37 0.13 0.62
2,3-Dimethylpentane 0.21 0.08 -0.79 0.12 0.04 0.66 0.18 0.07 1.10
3-Methylhexane 0.48 0.21 -0.29 0.23 0.06 0.49 0.37 0.12 0.39
2,2,4-Trimethylpentane 0.41 0.15 -0.94 0.19 0.08 -0.36 0.27 0.11 1.99
Heptane 0.42 0.18 -0.26 0.16 0.04 -0.23 0.26 0.09 0.43
Methylcyclohexane 0.15 0.06 -0.35 0.07 0.02 0.76 0.10 0.03 0.25
2,3,4-Trimethylpentane 0.14 0.05 -0.80 0.08 0.03 -1.00 0.10 0.04 1.99
Toluene 3.33 2.01 0.81 3.06 2.02 1.36 3.83 1.90 0.49
2-Methylheptane 0.16 0.08 0.79 0.07 0.02 -0.18 0.12 0.05 -0.06
3-Methylheptane 0.16 0.08 0.40 0.07 0.02 0.37 0.12 0.05 -0.03
Octane 0.21 0.14 1.35 0.10 0.02 -0.83 0.15 0.07 0.14
Ethylbenzene 0.50 0.26 0.50 0.32 0.09 -0.25 0.49 0.16 0.04
m,p-Xylene 1.27 0.80 0.59 0.75 0.25 1.24 1.24 0.48 0.88
Styrene 0.05 0.04 -0.42 0.03 0.01 1.01 0.04 0.02 -1.37
o-Xylene 0.45 0.26 0.60 0.24 0.08 1.39 0.41 0.15 0.62
Nonane 0.13 0.06 0.73 0.07 0.01 -1.71 0.10 0.03 -0.04
iso-Propylbenzene 0.03 0.02 0.39 0.02 0.00 0.82 0.03 0.01 1.71
n-Propylbenzene 0.10 0.06 0.53 0.06 0.02 1.08 0.08 0.03 1.61
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Winter P7 n=5 P8 n=5 P9 n=4
Species mean st dev skew mean st dev skew mean st dev skew
3-Ethyltoluene 0.26 0.19 -0.01 0.13 0.05 1.77 0.19 0.10 0.33
4-Ethyltoluene 0.13 0.09 0.05 0.06 0.02 1.90 0.09 0.05 0.58
1,3,5-T rimethylbenzene 0.11 0.09 -0.31 0.06 0.02 2.19 0.07 0.05 -1.26
2-Ethyltoluene 0.10 0.07 0.21 0.06 0.02 1.52 0.08 0.04 0.95
1,2,4-Trimethylbenzene 0.39 0.31 -0.01 0.18 0.07 2.01 0.23 0.15 -0.74
Decane 0.15 0.08 0.77 0.07 0.01 0.22 0.08 0.02 1.01
1,2,3-Trimethylbenzene 0.07 0.06 -0.03 0.04 0.01 2.01 0.05 0.03 -0.81
1,3-Diethyl benzene 0.02 0.02 -0.31 0.01 0.00 2.07 0.01 0.01 -0.86
1,4-Diethyl benzene 0.08 0.05 -0.08 0.04 0.01 1.70 0.04 0.02 -1.09
Undecane 0.13 0.09 0.27 0.07 0.02 1.19 0.07 0.05 -0.23
Winter P10 n=4 P l l n=5 P12 n=l
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 5.40 2.04 n/a 4.55 1.75 1.08 1.48 n/a n/a
Acetylene 2.99 0.68 n/a 2.90 0.91 1.03 1.17 n/a n/a
Ethane 10.53 0.00 n/a 9.53 2.60 -0.30 7.32 n/a n/a
Propene 0.86 0.33 0.23 0.72 0.37 0.49 0.28 n/a n/a
n-Propane 6.56 1.38 1.24 4.14 1.09 -1.02 2.67 n/a n/a
Iso butane 3.03 1.13 1.89 1.51 0.36 -0.48 0.93 n/a n/a
1-Butene 0.37 0.11 0.10 0.32 0.18 0.80 0.24 n/a n/a
n-Butane 6.61 1.45 1.93 4.90 1.91 0.79 2.72 n/a n/a
t-2-Butene 0.08 0.03 1.22 0.09 0.05 0.91 0.05 n/a n/a
c-2-Butene 0.07 0.02 1.65 0.07 0.04 0.79 0.04 n/a n/a
Isopentane 3.78 1.02 1.92 2.97 1.34 0.22 1.22 n/a n/a
1-Pentene 0.05 0.01 1.79 0.04 0.02 1.21 0.04 n/a n/a
n-Pentane 1.96 0.53 1.74 1.63 0.81 0.34 0.77 n/a n/a
Isoprene 0.04 0.01 0.01 0.10 0.10 1.77 0.02 n/a n/a
t-2-Pentene 0.06 0.02 1.35 0.07 0.04 1.09 0.06 n/a n/a
c-2-Pentene 0.03 0.01 1.66 0.03 0.02 1.43 0.02 n/a n/a
2,2-dimethylbutane 0.09 0.02 1.39 0.08 0.03 0.67 0.04 n/a n/a
Cyclopentane 0.14 0.04 1.32 0.12 0.07 0.40 0.06 n/a n/a
2,3 -Dimethylbutane 0.16 0.06 1.64 0.12 0.07 0.76 0.06 n/a n/a
2-Methylpentane 0.92 0.33 1.66 0.71 0.44 0.47 0.30 n/a n/a
3-Methylpentane 0.80 0.22 1.54 0.58 0.30 0.46 0.25 n/a n/a
2-Methyl-1 -Pentene 0.05 0.01 -0.14 0.04 0.02 1.49 0.03 n/a n/a
Hexane 0.81 0.20 1.28 0.59 0.28 0.46 0.30 n/a n/a
Methylcyclopentane 0.29 0.09 1.29 0.22 0.10 0.59 0.12 n/a n/a
2,4-Dimethylpentane 0.10 0.04 1.21 0.07 0.04 1.00 0.04 n/a n/a
Benzene 1.55 0.39 1.36 1.29 0.50 0.22 0.59 n/a n/a
Cyclohexane 0.24 0.14 0.28 0.10 0.03 0.43 0.04 n/a n/a
2-Methylhexane 0.50 0.20 1.72 0.41 0.20 0.43 0.15 n/a n/a
2,3-Dimethylpentane 0.22 0.09 1.57 0.18 0.09 0.54 0.09 n/a n/a
3-Methylhexane 0.54 0.23 1.36 0.42 0.20 0.51 0.20 n/a n/a
2,2,4-Trimethylpentane 0.42 0.16 0.22 0.24 0.16 1.98 0.14 n/a n/a
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Winter P10 n=4 P l l n=5 P12 n=l
Species mean st dev skew mean st dev skew mean st dev skew
Heptane 0.37 0.18 1.86 0.30 0.13 0.47 0.15 n/a n/a
Methylcyclohexane 0.14 0.05 1.49 0.10 0.03 0.64 0.06 n/a n/a
2,3,4-Trimethylpentane 0.14 0.05 0.34 0.09 0.06 2.09 0.05 n/a n/a
Toluene 4.69 1.47 0.89 3.84 1.76 0.28 1.25 n/a n/a
2-Methylheptane 0.15 0.06 0.12 0.12 0.05 -0.10 0.04 n/a n/a
3-Methylheptane 0.15 0.05 0.23 0.12 0.06 0.18 0.04 n/a n/a
Octane 0.24 0.18 1.33 0.15 0.08 -0.38 0.06 n/a n/a
Ethylbenzene 0.77 0.30 -0.01 0.49 0.24 1.58 0.15 n/a n/a
m,p-Xylene 1.76 0.72 0.80 1.14 0.93 1.62 0.39 n/a n/a
Styrene 0.08 0.04 1.21 0.06 0.05 0.53 0.02 n/a n/a
o-Xylene 0.55 0.20 1.40 0.39 0.28 1.83 0.13 n/a n/a
Nonane 0.16 0.07 -0.02 0.08 0.04 0.75 0.05 n/a n/a
iso-Propylbenzene 0.03 0.01 0.44 0.02 0.01 0.83 0.01 n/a n/a
n-Propylbenzene 0.11 0.03 0.31 0.06 0.04 1.16 0.03 n/a n/a
3-Ethyltoluene 0.28 0.09 -0.02 0.16 0.14 1.06 0.07 n/a n/a
4-Ethyltoluene 0;14 0.05 0.11 0.07 0.06 0.98 0.03 n/a n/a
1,3,5-Trimethylbenzene 0.11 0.04 -0.12 0.08 0.07 1.21 0.03 n/a n/a
2-Ethyltoluene 0.12 0.04 0.11 0.06 0.05 0.90 0.03 n/a n/a
1,2,4-Trimethylbenzene 0.37 0.13 -0.03 0.23 0.22 1.25 0.11 n/a n/a
Decane 0.17 0.06 0.36 0.07 0.05 0.00 0.07 n/a n/a
1,2,3-Trimethylbenzene 0.08 0.02 0.72 0.05 0.04 1.08 0.02 n/a n/a
1,3-Diethyl benzene 0.02 0.01 0.83 0.01 0.01 1.29 0.01 n/a n/a
1,4-Diethyl benzene 0.06 0.03 1.38 0.04 0.03 1.11 0.03 n/a n/a
Undecane 0.16 0.08 1.84 0.08 0.07 0.11 0.07 n/a n/a
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Winter P13 n=5 P14 n=5 P15 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 8.33 3.38 -0.01 1.93 1.42 0.56 5.35 2.08 -1.37
Acetylene 4.19 1.55 1.45 1.36 0.61 0.12 3.81 1.50 -1.09
Ethane 16.85 4.36 -1.56 7.08 1.61 0.05 8.34 1.64 1.12
Propene 1.09 0.50 1.38 0.35 0.24 0.78 0.72 0.26 -0.04
n-Propane 7.76 1.41 -1.97 3.05 0.68 0.44 4.24 1.15 -0.56
Iso butane 3.58 1.43 1.66 1.10 0.59 1.04 1.42 0.59 1.20
1-Butene 0.49 0.18 0.29 0.21 0.13 0.77 0.38 0.12 -0.16
n-Butane 8.47 2.09 -0.20 2.79 1.55 0.65 4.71 2.13 0.86
t-2-Butene 0.12 0.04 -0.24 0.04 0.03 0.64 0.09 0.05 1.16
c-2-Butene 0.10 0.04 -0.58 0.03 0.03 0.37 0.08 0.04 0.98
Isopentane 5.04 1.40 -0.67 1.76 1.09 0.75 3.19 1.27 -0.06
1-Pentene 0.06 0.02 -0.87 0.04 0.02 0.79 0.04 0.01 1.46
n-Pentane 2.49 0.65 -0.40 1.19 0.76 1.35 1.66 0.69 0.08
Isoprene 0.07 0.04 1.74 0.02 0.02 1.01 0.10 0.10 2.06
t-2-Pentene 0.11 0.04 -0.37 0.04 0.03 1.00 0.07 0.04 1.17
c-2-Pentene 0.05 0.02 -0.55 0.02 0.02 0.52 0.03 0.02 1.32
2,2-dimethylbutane 0.12 0.03 -0.66 0.06 0.03 0.28 0.08 0.02 0.48
Cyclopentane 0.17 0.04 -0.39 0.11 0.08 1.57 0.12 0.05 0.39
2,3 -Dimethylbutane 0.22 0.07 -0.66 0.08 0.06 0.73 0.12 0.05 0.34
2-Methylpentane 1.34 0.48 -0.47 0.47 0.37 1.29 0.71 0.34 0.37
3-Methylpentane 1.16 0.37 -0.19 0.33 0.23 0.88 0.58 0.23 0.41
2-Methyl-1 -Pentene 0.07 0.02 -0.22 0.03 0.03 1.16 0.04 0.02 0.97
Hexane 1.39 0.59 1.00 0.34 0.24 1.06 0.60 0.22 0.34
Methylcyclopentane 0.47 0.17 -0.41 0.13 0.09 0.70 0.21 0.07 0.30
2,4-Dimethylpentane 0.15 0.06 -0.64 0.04 0.03 0.34 0.08 0.03 0.46
Benzene 2.06 0.75 0.40 0.73 0.30 0.98 1.26 0.33 0.09
Cyclohexane 0.27 0.18 1.63 0.04 0.02 0.59 0.09 0.01 0.99
2-Methylhexane 0.65 0.20 -0.53 0.18 0.13 0.72 0.43 0.18 0.46
2,3-Dimethylpentane 0.30 0.10 -0.63 0.09 0.06 0.36 0.20 0.08 0.44
3-Methylhexane 0.65 0.21 -0.50 0.20 0.15 0.98 0.44 0.19 0.57
2,2,4-Trimethylpentane 0.60 0.27 -0.15 0.15 0.09 -0.38 0.27 0.08 1.01
Heptane 0.46 0.16 -0.24 0.16 0.12 1.08 0.32 0.16 0.42
Methylcyclohexane 0.19 0.07 -0.17 0.05 0.03 0.42 0.10 0.04 -1.31
2,3,4-Trimethy lpentane 0.22 0.08 -0.77 0.05 0.04 -0.46 0.10 0.03 1.05
Toluene 6.96 2.58 -0.21 1.57 1.25 1.57 3.93 1.85 0.13
2-Methylheptane 0.17 0.06 -0.18 0.07 0.06 1.59 0.11 0.05 0.51
3-Methylheptane 0.17 0.06 -0.28 0.07 0.05 1.20 0.12 0.06 0.54
Octane 0.24 0.10 0.61 0.10 0.07 1.78 0.14 0.07 0.48
Ethylbenzene 0.90 0.23 -0.75 0.28 0.23 1.01 0.56 0.25 0.29
m,p-Xylene 2.34 0.76 -0.15 0.73 0.66 0.95 1.61 0.82 0.52
Styrene 0.12 0.03 -0.28 0.02 0.02 1.29 0.05 0.02 0.51
o-Xylene 0.70 0.20 -0.53 0.24 0.21 1.20 0.49 0.22 0.42
Nonane 0.19 0.06 -0.29 0.07 0.05 1.17 0.10 0.03 -0.42
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Winter P13 n=5 P14 n=5 P15 n=5
Species mean st dev skew mean st dev skew mean st dev skew
iso-Propylbenzene 0.04 0.01 -0.33 0.02 0.01 0.71 0.03 0.01 1.60
n-Propylbenzene 0.15 0.05 -0.08 0.05 0.04 0.60 0.07 0.02 0.76
3-Ethyltoluene 0.39 0.16 0.23 0.13 0.11 0.62 0.20 0.08 1.78
4-Ethyltoluene 0.19 0.07 0.17 0.06 0.05 0.53 0.09 0.03 1.95
1,3,5-Trimethylbenzene 0.16 0.07 0.42 0.05 0.05 0.76 0.08 0.04 1.49
2-Ethyltoluene 0.16 0.06 0.11 0.05 0.05 0.51 0.08 0.02 1.46
1,2,4-Trimethylbenzene 0.56 0.26 0.39 0.18 0.18 0.76 0.28 0.11 0.28
Decane 0.22 0.05 -1.00 0.08 0.06 1.32 0.08 0.03 -0.48
1,2,3-Trimethylbenzene 0.11 0.04 0.30 0.04 0.03 0.89 0.06 0.02 0.23
1,3-Diethyl benzene 0.03 0.01 1.21 0.01 0.01 0.67 0.01 0.01 -0.41
1,4-Diethyl benzene 0.09 0.04 1.50 0.04 0.03 0.80 0.04 0.02 -0.23
Undecane 0.20 0.06 0.61 0.07 0.05 0.97 0.05 0.04 1.46
Winter P16 n=5 P17 n=5 P18 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.96 0.80 -0.59 1.80 0.53 -0.23 2.36 n/a n/a
Acetylene 1.29 0.31 0.08 1.32 0.19 0.28 1.47 n/a n/a
Ethane 7.58 1.54 0.60 6.27 0.64 -0.38 6.39 n/a n/a
Propene 0.35 0.13 -0.63 0.33 0.06 -0.68 0.43 0.17 0.56
n-Propane 3.39 0.77 1.54 2.73 0.29 -1.70 3.64 1.34 1.19
Iso butane 1.12 0.35 0.44 0.88 0.11 0.34 1.65 1.76 2.04
1-Butene 0.20 0.07 -0.43 0.20 0.03 1.08 0.23 0.09 0.65
n-Butane 3.33 0.30 0.43 2.16 0.45 1.96 3.87 1.98 0.67
t-2-Butene 0.04 0.02 -0.59 0.04 0.01 0.55 0.05 0.03 0.63
c-2-Butene 0.04 0.02 -0.44 0.03 0.01 0.17 0.05 0.02 0.72
Isopentane 1.89 0.58 0.40 1.12 0.22 1.69 2.41 2.03 1.41
1-Pentene 0.03 0.01 0.19 0.03 0.01 1.31 0.04 0.02 1.29
n-Pentane 1.24 0.48 1.41 0.69 0.11 1.30 1.06 0.59 0.73
Isoprene 0.02 0.01 -0.36 0.02 0.00 -0.47 0.03 0.02 0.84
t-2-Pentene 0.04 0.02 -0.57 0.03 0.01 0.40 0.04 0.03 0.74
c-2-Pentene 0.02 0.01 -0.60 0.02 0.00 0.26 0.02 0.01 0.85
2,2-dimethylbutane 0.06 0.02 -0.12 0.05 0.01 1.05 0.05 0.02 0.56
Cyclopentane 0.11 0.05 1.41 0.06 0.01 0.62 0.08 0.04 0.64
2,3-Dimethylbutane 0.08 0.04 -0.22 0.07 0.01 0.70 0.09 0.05 0.55
2-Methylpentane 0.47 0.22 0.36 0.36 0.05 -0.11 0.42 0.26 0.55
3 -Methy lpentane 0.34 0.13 -0.45 0.32 0.10 1.00 0.41 0.24 0.56
2-Methyl-1 -Pentene 0.04 0.01 -0.26 0.03 0.01 -1.06 0.03 0.02 0.93
Hexane 0.39 0.16 -0.66 0.55 0.39 1.20 0.48 0.28 0.79
Methylcyclopentane 0.15 0.06 -0.64 0.17 0.07 1.36 0.17 0.09 0.41
2,4-Dimethylpentane 0.04 0.02 -0.70 0.04 0.01 1.53 0.06 0.03 0.52
Benzene 0.74 0.17 -1.01 0.71 0.07 -0.35 0.90 0.30 -0.04
Cyclohexane 0.04 0.01 -0.95 0.04 0.01 -0.31 0.07 0.04 1.38
2-Methylhexane 0.17 0.06 -0.43 0.13 0.03 0.79 0.29 0.17 0.94
2,3 -Dimethylpentane 0.08 0.03 -0.54 0.08 0.02 1.27 0.15 0.08 0.85
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Winter P16 n=5 P17 n=5 P18 n=5
Species mean st dev skew mean st dev skew mean st dev skew
3-Methylhexane 0.18 0.07 -0.36 0.16 0.03 0.72 0.30 0.21 1.00
2,2,4-Trimethylpentane 0.14 0.05 -0.80 0.15 0.03 1.26 0.22 0.14 0.52
Heptane 0.15 0.05 -0.37 0.13 0.03 0.13 0.21 0.14 1.32
Methylcyclohexane 0.06 0.02 0.43 0.05 0.01 1.36 0.08 0.04 0.34
2,3,4-Trimethylpentane 0.05 0.02 -0.79 0.05 0.01 1.35 0.09 0.06 0.55
Toluene 1.82 1.07 1.56 0.95 0.27 1.80 3.38 4.08 1.77
2-Methylheptane 0.06 0.01 -0.20 0.05 0.01 0.68 0.07 0.03 0.42
3-Methylheptane 0.06 0.02 -0.02 0.04 0.01 0.53 0.07 0.03 0.50
Octane 0.08 0.01 0.52 0.06 0.01 0.86 0.10 0.05 0.05
Ethylbenzene 0.25 0.06 0.31 0.16 0.03 1.20 0.29 0.17 0.73
m,p-Xylene 0.59 0.23 -0.09 0.39 0.06 0.89 0.79 0.57 0.77
Styrene 0.03 0.01 -0.65 0.01 0.01 0.81 0.04 0.04 0.76
o-Xylene 0.20 0.07 -0.20 0.14 0.03 0.99 0.25 0.16 0.80
Nonane 0.06 0.02 -0.08 0.04 0.01 0.62 0.08 0.04 0.13
iso-Propylbenzene 0.01 0.00 -0.38 0.01 0.00 1.51 0.02 0.01 0.61
n-Propylbenzene 0.05 0.02 -0.07 0.03 0.01 0.72 0.05 0.03 0.67
3-Ethyltoluene 0.11 0.05 -0.22 0.07 0.01 -1.32 0.14 0.10 0.78
4-Ethyltoluene 0.06 0.02 -0.13 0.04 0.01 -1.93 0.06 0.05 0.68
2-Ethyltoluene 0.05 0.02 -0.23 0.03 0.00 -0.51 0.06 0.04 0.68
1,2,4-Trimethylbenzene 0.17 0.08 -0.21 0.09 0.03 0.65 0.19 0.17 0.71
Decane 0.08 0.03 0.47 0.05 0.01 1.16 0.07 0.05 0.57
1,2,3-Trimethylbenzene 0.04 0.01 -0.30 0.02 0.00 0.78 0.04 0.03 0.63
1,3-Diethyl benzene 0.01 0.00 -0.44 0.01 0.00 -0.20 0.01 0.01 0.59
1,4-Diethyl benzene 0.05 0.01 -0.47 0.02 0.00 -0.29 0.04 0.03 0.57
Undecane 0.10 0.05 0.52 0.04 0.01 1.98 0.07 0.05 0.41
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Winter P19 n=5 P20 n=5 P21 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 3.15 n/a n/a 3.72 n/a n/a 2.08 0.32 n/a
Acetylene 1.97 n/a n/a 1.06 n/a n/a 1.62 0.19 n/a
Ethane 8.72 n/a n/a 5.47 n/a n/a 7.10 0.73 n/a
Propene 0.41 0.12 0.34 0.50 0.23 0.77 0.44 0.22 1.44
n-Propane 3.08 0.76 0.40 3.42 1.21 1.00 3.37 1.02 1.12
Iso butane 0.92 0.23 0.17 1.01 0.36 0.40 1.01 0.31 0.04
1-Butene 0.19 0.08 0.57 0.25 0.12 0.80 0.23 0.11 1.24
n-Butane 3.14 1.22 0.12 3.62 1.53 -0.17 3.72 1.31 0.66
t-2-Butene 0.04 0.02 0.51 0.05 0.03 0.32 0.05 0.02 1.04
c-2-Butene 0.04 0.02 0.39 0.05 0.03 0.36 0.04 0.02 1.30
Isopentane 1.75 0.76 -0.10 1.99 1.18 0.53 1.76 0.96 0.88
1-Pentene 0.03 0.01 0.30 0.04 0.02 0.58 0.03 0.01 0.65
n-Pentane 0.83 0.37 0.17 0.99 0.55 0.39 1.03 0.55 1.39
Isoprene 0.02 0.01 0.10 0.04 0.02 -0.64 0.03 0.02 0.81
t-2-Pentene 0.04 0.02 0.11 0.05 0.03 0.50 0.04 0.02 0.70
c-2-Pentene 0.02 0.01 0.02 0.02 0.02 0.32 0.02 0.01 0.73
2,2-dimethylbutane 0.05 0.02 0.13 0.05 0.02 0.54 0.05 0.02 0.90
Cyclopentane 0.06 0.03 0.21 0.07 0.04 0.49 0.09 0.05 1.42
2,3 -Dimethylbutane 0.07 0.03 0.16 0.08 0.05 0.22 0.08 0.04 1.03
2-Methylpentane 0.35 0.16 0.19 0.45 0.26 0.62 0.42 0.27 1.35
3-Methylpentane 0.32 0.12 -0.16 0.40 0.20 0.10 0.39 0.22 1.20
2-Methyl-1 -Pentene 0.02 0.01 0.48 0.03 0.02 0.41 0.03 0.01 0.96
Hexane 0.35 0.11 -1.35 0.44 0.19 -0.53 0.36 0.20 1.01
Methylcyclopentane 0.13 0.05 0.00 0.16 0.07 -0.09 0.15 0.07 0.86
2,4-Dimethylpentane 0.04 0.02 0.35 0.06 0.03 -0.14 0.06 0.03 0.95
Benzene 0.80 0.29 0.15 0.97 0.31 -1.02 0.87 0.33 1.06
Cyclohexane 0.07 0.02 -0.36 0.08 0.02 0.17 0.06 0.02 0.51
2-Methylhexane 0.22 0.09 0.02 0.28 0.15 0.10 0.28 0.14 1.60
2,3-Dimethylpentane 0.11 0.04 -0.09 0.15 0.08 -0.14 0.14 0.07 1.36
3-Methylhexane 0.21 0.08 -0.14 0.28 0.15 0.10 0.28 0.15 1.79
2,2,4-Trimethylpentane 0.21 0.07 -0.90 0.25 0.11 -0.17 0.22 0.11 0.60
Heptane 0.15 0.06 0.19 0.19 0.09 0.17 0.19 0.09 1.52
Methylcyclohexane 0.06 0.03 -0.04 0.08 0.04 0.93 0.08 0.02 -0.02
2,3,4-Trimethylpentane 0.07 0.03 0.28 0.10 0.03 -0.06 0.09 0.04 0.22
Toluene 1.66 0.93 0.33 2.51 1.72 1.13 2.69 1.45 1.06
2-Methylheptane 0.05 0.02 0.50 0.08 0.04 0.78 0.08 0.04 1.56
3-Methylheptane 0.06 0.02 0.21 0.08 0.04 0.34 0.09 0.04 1.80
Octane 0.07 0.03 0.32 0.09 0.04 0.17 0.10 0.04 0.23
Ethylbenzene 0.25 0.12 0.11 0.34 0.20 0.54 0.41 0.22 1.54
m,p-Xylene 0.66 0.35 0.11 0.96 0.66 0.51 1.02 0.70 2.04
Styrene 0.03 0.03 1.35 0.07 0.04 0.16 0.03 0.03 1.76
o-Xylene 0.21 0.10 0.14 0.29 0.19 0.53 0.33 0.21 1.98
Nonane 0.06 0.02 -0.65 0.07 0.03 0.05 0.08 0.04 1.61
iso-Propylbenzene 0.02 0.01 -0.05 0.02 0.01 0.86 0.02 0.01 2.02
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Winter P19 n=5 P20 n=5 P21 n=5
Species mean st dev skew mean st dev skew mean st dev skew
n-Propylbenzene 0.05 0.02 -0.54 0.07 0.04 0.19 0.07 0.05 2.13
3-Ethyltoluene 0.12 0.06 0.30 0.19 0.12 0.11 0.17 0.14 2.23
4-Ethyltoluene 0.06 0.03 0.36 0.09 0.06 0.13 0.08 0.06 2.23
1,3,5-Trimethylbenzene 0.05 0.03 0.42 0.09 0.06 0.05 0.08 0.07 2.06
2-Ethyltoluene 0.05 0.02 -0.45 0.08 0.04 0.18 0.08 0.06 2.22
1,2,4-Trimethylbenzene 0.18 0.11 -0.09 0.29 0.18 0.25 0.25 0.26 2.19
Decane 0.06 0.03 0.06 0.07 0.04 0.61 0.20 0.30 2.22
1,2,3 -Trimethy Ibenzene 0.04 0.02 0.19 0.06 0.04 0.83 0.06 0.07 2.17
1,3-Diethyl benzene 0.01 0.01 0.49 0.02 0.01 1.53 0.02 0.02 2.10
1,4-Diethyl benzene 0.04 0.02 0.47 0.06 0.04 1.77 0.06 0.07 2.17
Undecane 0.07 0.03 0.77 0.08 0.05 0.98 0.24 0.41 2.23
Winter P22 n=5 P23 n=3 P24 n=2
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 3.80 1.16 -1.36 5.00 n/a n/a 4.97 n/a n/a
Acetylene 2.50 0.68 -0.51 2.77 n/a n/a 2.78 n/a n/a
Ethane 8.93 2.22 -0.95 9.76 n/a n/a 14.52 n/a n/a
Propene 0.74 0.21 -1.66 0.48 0.22 0.31 1.04 0.04 n/a
n-Propane 4.73 1.58 -0.54 3.23 0.96 -0.73 5.48 0.58 n/a
Iso butane 1.75 0.67 -0.12 0.98 0.34 1.12 2.78 0.72 n/a
1-Butene 0.44 0.12 -1.96 0.25 0.09 0.39 0.64 0.04 n/a
n-Butane 4.65 2.01 -0.02 3.85 1.37 0.26 10.21 1.50 n/a
t-2-Butene 0.08 0.03 -1.33 0.06 0.03 0.63 0.17 0.04 n/a
c-2-Butene 0.07 0.02 -1.46 0.05 0.02 0.71 0.13 0.02 n/a
Isopentane 2.89 1.12 -0.42 2.09 1.10 1.47 5.51 0.98 n/a
1-Pentene 0.07 0.01 -1.94 0.04 0.01 0.63 0.09 0.01 n/a
n-Pentane 1.79 0.75 0.11 1.37 0.35 1.09 3.43 0.93 n/a
Isoprene 0.05 0.01 -1.91 0.04 0.01 1.67 0.08 0.01 n/a
t-2-Pentene 0.08 0.03 -1.41 0.06 0.02 1.68 0.14 0.05 n/a
c-2-Pentene 0.04 0.01 -1.22 0.03 0.01 1.58 0.07 0.02 n/a
2,2-dimethylbutane 0.11 0.03 -1.39 0.06 0.02 1.72 0.13 0.02 n/a
Cyclopentane 0.19 0.08 0.08 0.08 0.03 1.66 0.30 0.10 n/a
2,3-Dimethylbutane 0.19 0.07 -1.02 0.09 0.03 1.68 0.23 0.05 n/a
2-Methylpentane 1.04 0.36 -0.94 0.45 0.18 1.73 1.34 0.40 n/a
3-Methylpentane 0.73 0.23 -1.57 0.39 0.15 1.52 0.88 0.26 n/a
2-Methyl-1 -Pentene 0.06 0.01 -1.35 0.03 0.01 1.05 0.08 0.00 n/a
Hexane 0.94 0.31 -0.50 0.47 0.13 1.18 0.85 0.30 n/a
Methylcyclopentane 0.37 0.10 -1.39 0.16 0.05 1.39 0.35 0.08 n/a
2,4 -Dimethylpentane 0.11 0.03 -1.03 0.06 0.02 1.25 0.11 0.02 n/a
Benzene 1.26 0.33 -1.32 0.96 0.27 0.20 1.41 0.22 n/a
Cyclohexane 0.10 0.03 -1.75 0.07 0.01 0.61 0.09 0.01 n/a
2-Methylhexane 0.37 0.11 -0.94 0.29 0.08 -0.58 0.42 0.10 n/a
2,3-Dimethylpentane 0.19 0.06 -0.92 0.14 0.05 -0.81 0.21 0.03 n/a
3-Methylhexane 0.43 0.13 -1.02 0.30 0.08 -1.57 0.48 0.12 n/a
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Winter P22 n=5 P23 n=3 P24 n=2
Species mean st dev skew mean st dev skew mean st dev skew
2,2,4-Trimethylpentane 0.36 0.12 -0.90 0.23 0.09 0.91 0.37 0.05 n/a
Heptane 0.37 0.13 -1.89 0.22 0.07 -1.73 0.39 0.09 n/a
Methylcyclohexane 0.14 0.05 -1.69 0.08 0.03 0.72 0.13 0.00 n/a
2,3,4-Trimethylpentane 0.13 0.04 -0.70 0.09 0.04 1.23 0.13 0.01 n/a
Toluene 2.92 1.08 -1.20 2.83 0.94 1.60 4.73 2.28 n/a
2-Methylheptane 0.12 0.05 -0.73 0.08 0.04 1.71 0.16 0.03 n/a
3-Methylheptane 0.13 0.04 -1.05 0.08 0.03 1.73 0.18 0.05 n/a
Octane 0.15 0.07 0.21 0.12 0.06 1.73 0.20 0.05 n/a
Ethylbenzene 0.47 0.18 -0.86 0.37 0.15 1.72 0.63 0.25 n/a
m,p-Xylene 1.26 0.49 -1.11 1.04 0.51 1.73 1.79 0.72 n/a
Styrene 0.07 0.03 -0.55 0.06 0.03 -1.33 0.07 0.01 n/a
o-Xylene 0.42 0.16 -1.06 0.31 0.13 1.71 0.58 0.21 n/a
Nonane 0.12 0.05 -0.24 0.08 0.03 1.70 0.15 0.01 n/a
iso-Propylbenzene 0.03 0.01 -1.11 0.02 0.01 1.46 0.03 0.01 n/a
n-Propylbenzene 0.09 0.03 -1.17 0.07 0.02 1.41 0.12 0.03 n/a
3-Ethyltoluene 0.26 0.10 -1.70 0.19 0.08 1.39 0.32 0.08 n/a
4-Ethyltoluene 0.13 0.05 -1.57 0.09 0.03 1.30 0.15 0.04 n/a
2-Ethyltoluene 0.10 0.04 -1.30 0.07 0.03 1.22 0.12 0.03 n/a
1,2,4-Trimethylbenzene 0.38 0.15 -1.73 0.28 0.11 1.40 0.44 0.12 n/a
Decane 0.14 0.07 -0.06 0.08 0.04 1.08 0.16 0.01 n/a
1,2,3-Trimethylbenzene 0.07 0.03 -1.32 0.06 0.02 1.10 0.09 0.01 n/a
1,3-Diethyl benzene 0.02 0.01 -1.49 0.01 0.00 -0.97 0.02 0.00 n/a
1,4-Diethyl benzene 0.07 0.03 -1.07 0.05 0.02 -0.97 0.08 0.01 n/a
Undecane 0.11 0.06 0.06 0.10 0.04 -1.49 0.13 0.00 n/a
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Winter P25 n=5 P26 n=5 P27 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 3.92 1.28 -1.09 2.64 n/a n/a 6.23 1.56 1.51
Acetylene 2.82 0.71 -0.62 2.10 n/a n/a 3.68 0.87 1.73
Ethane 10.65 3.29 -0.47 6.76 n/a n/a 12.98 3.94 0.76
Propene 0.81 0.29 -0.59 0.54 0.16 0.13 0.98 0.43 1.17
n-Propane 5.15 2.04 -0.44 3.54 1.18 0.91 6.79 1.16 -0.18
Iso butane 2.22 0.98 -0.37 1.13 0.33 0.36 3.44 1.28 0.59
1-Butene 0.50 0.15 -1.10 0.28 0.11 1.44 0.48 0.19 0.93
n-Butane 5.71 2.65 -0.53 4.17 1.26 -0.16 8.21 2.58 0.53
t-2-Butene 0.11 0.04 -0.87 0.06 0.02 0.73 0.12 0.06 1.16
c-2-Butene 0.10 0.03 -1.09 0.05 0.02 0.82 0.10 0.04 0.61
Isopentane 3.51 1.52 -0.51 2.49 1.02 0.84 4.94 1.68 0.19
1-Pentene 0.09 0.02 -1.57 0.04 0.01 0.79 0.08 0.02 -1.65
n-Pentane 2.01 0.92 -0.21 1.26 0.43 1.24 2.47 0.83 0.75
Isoprene 0.06 0.02 -1.49 0.04 0.01 0.51 0.06 0.04 1.95
t-2-Pentene 0.12 0.05 -0.85 0.06 0.03 1.29 0.14 0.06 0.48
c-2-Pentene 0.06 0.02 -0.97 0.03 0.01 1.28 0.06 0.03 0.47
2,2-dimethylbutane 0.13 0.04 -0.75 0.06 0.02 1.24 0.12 0.04 -0.12
Cyclopentane 0.20 0.10 -0.04 0.09 0.03 1.23 0.17 0.06 0.68
2,3-Dimethylbutane 0.23 0.08 -0.73 0.10 0.04 1.31 0.21 0.08 -0.21
2-Methylpentane 1.19 0.48 -0.53 0.57 0.25 1.46 1.31 0.54 0.38
3-Methylpentane 0.79 0.33 -0.58 0.50 0.19 1.16 1.11 0.44 1.03
2-Methyl-1 -Pentene 0.08 0.02 -2.19 0.04 0.01 0.55 0.08 0.03 0.77
Hexane 0.99 0.59 0.66 0.51 0.18 -0.20 1.81 1.90 2.18
Methylcyclopentane 0.39 0.16 -0.44 0.19 0.07 1.07 0.53 0.39 1.88
2,4-Dimethylpentane 0.12 0.04 -1.00 0.07 0.03 1.08 0.13 0.05 -0.38
Benzene 1.42 0.46 -0.57 1.12 0.30 -0.15 1.98 0.72 0.19
Cyclohexane 0.14 0.10 1.44 0.09 0.04 0.86 0.23 0.15 1.39
2-Methylhexane 0.39 0.15 -0.52 0.36 0.16 0.61 0.62 0.21 -0.08
2,3 -Dimethylpentane 0.20 0.08 -0.54 0.18 0.07 0.56 0.27 0.10 -0.30
3-Methylhexane 0.44 0.18 -0.45 0.40 0.22 0.87 0.61 0.22 0.17
2,2,4-Trimethylpentane 0.44 0.14 -0.76 0.29 0.12 1.31 0.49 0.22 -0.28
Heptane 0.37 0.15 -0.44 0.31 0.23 1.77 0.43 0.17 0.34
Methylcyclohexane 0.13 0.05 -1.09 0.10 0.04 0.55 0.16 0.05 -0.64
2,3,4-Trimethylpentane 0.16 0.05 -0.93 0.11 0.04 0.94 0.17 0.08 -0.31
Toluene 2.96 1.65 0.86 2.95 1.26 0.55 8.12 6.43 2.08
2-Methylheptane 0.14 0.06 0.33 0.09 0.03 0.67 0.16 0.05 -0.33
3 -Methy lheptane 0.15 0.07 0.56 0.10 0.04 0.71 0.17 0.06 0.14
O c ta n e 0.18 0.10 0.78 0.11 0.04 0.59 0.21 0.08 -0.20
Ethylbenzene 0.50 0.23 -0.24 0.42 0.14 1.36 0.91 0.28 -0.55
m,p-Xylene 1.33 0.55 -0.69 1.20 0.47 1.41 2.31 0.87 0.46
Styrene 0.05 0.03 -0.33 0.07 0.03 0.33 0.09 0.04 1.58
o-Xylene 0.46 0.19 -0.48 0.36 0.14 1.56 0.70 0.24 0.56
Nonane 0.14 0.08 0.53 0.08 0.03 0.89 0.20 0.10 1.27
iso-Propylbenzene 0.03 0.01 -0.66 0.02 0.01 1.50 0.04 0.01 0.80
n-Propylbenzene 0.10 0.04 -0.52 0.07 0.03 1.51 0.14 0.07 1.04
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Winter P25 n=5 P26 n=5 P27 n=5
Species mean st dev skew mean st dev skew mean st dev skew
3-Ethyltoluene 0.27 0.08 -1.75 0.21 0.10 1.58 0.38 0.21 1.25
4-Ethyltoluene 0.14 0.04 -1.67 0.10 0.05 1.63 0.19 0.10 0.94
1,3,5-Trimethylbenzene 0.10 0.05 -0.78 0.10 0.05 1.64 0.16 0.11 1.61
2-Ethyltoluene 0.11 0.03 -1.48 0.08 0.04 1.60 0.16 0.08 1.24
1,2,4-Trimethylbenzene 0.37 0.13 -0.37 0.32 0.16 1.85 0.57 0.38 1.50
Decane 0.18 0.12 0.36 0.08 0.06 -0.06 0.48 0.65 2.20
1,2,3 -Trimethy lbenzene 0.07 0.03 -0.17 0.07 0.03 1.78 0.12 0.08 1.67
1,3-Diethyl benzene 0.02 0.01 -0.17 0.02 0.01 1.45 0.03 0.02 0.93
1,4-Diethyl benzene 0.07 0.03 0.22 0.06 0.02 1.60 0.10 0.06 1.21
Undecane 0.14 0.09 0.88 0.12 0.06 1.10 0.44 0.43 1.89
Winter P28 n=4 P29 n=5 P30 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 2.34 0.33 -0.09 2.17 n/a n/a 2.14 0.21 n/a
Acetylene 1.67 0.17 -0.65 1.87 n/a n/a 1.34 0.48 n/a
Ethane 6.97 0.69 -0.33 5.66 n/a n/a 6.59 0.30 n/a
Propene 0.42 0.04 0.14 0.44 0.16 0.14 0.37 0.11 0.90
n-Propane 2.73 0.20 1.15 5.20 3.17 1.01 4.05 0.86 1.66
Iso butane 0.95 0.09 -1.22 1.72 1.30 1.75 1.16 0.24 0.35
1-Butene 0.26 0.05 0.09 0.30 0.12 0.48 0.19 0.05 0.60
n-Butane 2.53 0.45 1.47 3.97 1.69 0.99 3.74 0.56 -1.62
t-2-Butene 0.05 0.01 -0.10 0.05 0.02 0.58 0.05 0.02 0.28
c-2-Butene 0.04 0.00 -0.34 0.05 0.02 0.67 0.04 0.01 0.26
Isopentane 1.42 0.21 1.85 3.90 4.61 2.00 1.53 0.42 -0.39
1-Pentene 0.04 0.01 1.02 0.04 0.02 0.20 0.03 0.01 -1.08
n-Pentane 0.86 0.12 1.50 1.27 0.68 0.95 0.86 0.20 -0.30
Isoprene 0.02 0.00 0.85 0.03 0.02 1.10 0.02 0.01 1.00
t-2-Pentene 0.04 0.00 -0.67 0.05 0.02 0.12 0.05 0.02 0.29
c-2-Pentene 0.02 0.00 0.07 0.02 0.01 0.33 0.02 0.01 -0.10
2,2-dimethylbutane 0.05 0.01 1.55 0.06 0.02 -0.17 0.04 0.01 -0.20
Cyclopentane 0.08 0.01 1.35 0.09 0.03 1.54 0.07 0.02 0.12
2,3-Dimethylbutane 0.08 0.01 1.24 0.09 0.04 -0.03 0.07 0.02 -0.51
2-Methylpentane 0.42 0.06 0.83 0.45 0.23 0.39 0.33 0.12 -0.04
3-Methylpentane 0.34 0.05 -0.55 0.51 0.28 0.25 0.33 0.11 -0.10
2-Methyl-1 -Pentene 0.03 0.01 1.54 0.03 0.01 -0.42 0.03 0.01 0.06
Hexane 0.44 0.14 0.17 0.54 0.32 0.39 0.34 0.12 -0.24
Methylcyclopentane 0.16 0.03 -0.58 0.21 0.13 0.73 0.14 0.05 -0.38
2,4-Dimethylpentane 0.05 0.00 1.95 0.06 0.02 -0.12 0.05 0.02 -0.26
Benzene 0.82 0.15 0.81 0.89 0.26 -0.19 0.80 0.25 1.08
Cyclohexane 0.04 0.00 0.94 0.13 0.14 1.99 0.05 0.01 -0.14
2-Methylhexane 0.20 0.04 -0.68 0.39 0.28 1.36 0.23 0.06 0.08
2,3-Dimethylpentane 0.10 0.01 -1.33 0.17 0.10 1.02 0.11 0.03 0.29
3-Methylhexane 0.22 0.03 -1.60 0.45 0.40 1.75 0.22 0.06 0.11
2,2,4-Trimethylpentane 0.18 0.02 1.86 0.20 0.08 -0.75 0.17 0.06 -0.88
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Winter P28 n=4 P29 n=5 P30 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Heptane 0.15 0.03 1.07 0.31 0.27 1.78 0.14 0.03 -0.06
Methylcyclohexane 0.05 0.01 0.54 0.08 0.04 0.30 0.06 0.01 -0.23
2,3,4-Trimethylpentane 0.06 0.00 1.26 0.08 0.03 -1.37 0.07 0.03 -1.15
Toluene 1.42 0.21 0.87 4.52 3.81 1.49 1.93 0.73 1.76
2-Methylheptane 0.06 0.01 -0.40 0.08 0.03 1.34 0.07 0.02 -0.23
3 -Methy lheptane 0.06 0.01 -0.70 0.08 0.02 1.11 0.07 0.02 0.25
Octane 0.07 0.01 -0.61 0.12 0.03 0.45 0.09 0.03 0.24
Ethylbenzene 0.26 0.05 -1.78 0.42 0.12 0.66 0.31 0.10 0.03
m,p-Xylene 0.69 0.12 -1.73 1.05 0.40 0.75 0.74 0.30 1.29
Styrene 0.03 0.01 0.60 0.08 0.10 2.16 0.03 0.01 0.61
o-Xylene 0.22 0.04 -1.44 0.33 0.13 0.38 0.25 0.10 1.29
Nonane 0.05 0.01 0.43 0.12 0.08 1.77 0.06 0.01 -0.80
iso-Propylbenzene 0.01 0.00 0.56 0.02 0.01 1.05 0.02 0.00 0.91
n-Propylbenzene 0.05 0.01 -1.27 0.07 0.03 0.45 0.05 0.02 1.31
3-Ethyltoluene 0.14 0.03 -1.54 0.16 0.08 0.21 0.13 0.06 1.89
4-Ethyltoluene 0.07 0.01 -1.29 0.08 0.04 0.36 0.06 0.02 1.89
2-Ethyltoluene 0.05 0.01 -0.57 0.07 0.03 0.22 0.05 0.02 1.72
1,2,4-Trimethylbenzene 0.19 0.04 0.51 0.23 0.14 0.19 0.17 0.09 1.92
Decane 0.06 0.01 0.53 0.16 0.18 2.07 0.06 0.01 -0.73
1,2,3-Trimethylbenzene 0.03 0.01 1.42 0.06 0.04 0.40 0.04 0.02 1.81
1,3-Diethyl benzene 0.01 0.00 1.05 0.01 0.01 -0.02 0.01 0.00 1.43
1,4-Diethyl benzene 0.03 0.01 1.42 0.04 0.03 0.16 0.04 0.01 1.08
Undecane 0.05 0.01 0.19 0.17 0.26 2.06 0.06 0.03 1.34
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Winter P31 n=5 P32 n=l P33 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 3.66 0.88 -1.29 2.65 n/a n/a 1.79 n/a n/a
Acetylene 2.56 0.45 -1.82 1.71 n/a n/a 1.46 n/a n/a
Ethane 9.29 2.53 0.14 6.45 n/a n/a 5.84 n/a n/a
Propene 0.77 0.19 -0.58 0.34 n/a n/a 0.50 0.29 1.34
n-Propane 4.72 1.79 -0.22 3.11 n/a n/a 3.68 1.28 0.25
Iso butane 2.18 1.02 -0.03 0.92 n/a n/a 1.70 1.01 0.15
1-Butene 0.47 0.10 -0.70 0.19 n/a n/a 0.26 0.15 0.90
n-Butane 6.61 4.35 0.35 3.49 n/a n/a 4.98 2.41 -0.61
t-2-Butene 0.11 0.06 0.43 0.04 n/a n/a 0.07 0.04 -0.09
c-2-Butene 0.10 0.04 0.29 0.03 n/a n/a 0.06 0.03 0.09
Isopentane 3.99 2.24 0.18 1.39 n/a n/a 2.38 1.43 0.17
1-Pentene 0.08 0.02 -0.03 0.03 n/a n/a 0.03 0.02 0.03
n-Pentane 2.58 1.58 0.31 0.72 n/a n/a 1.24 0.73 0.62
Isoprene 0.07 0.01 0.21 0.02 n/a n/a 0.03 0.02 1.65
t-2-Pentene 0.13 0.07 0.41 0.03 n/a n/a 0.06 0.04 0.15
c-2-Pentene 0.06 0.03 0.31 0.02 n/a n/a 0.03 0.02 0.31
2,2-dimethylbutane 0.13 0.05 -0.16 0.04 n/a n/a 0.06 0.03 0.87
Cyclopentane 0.27 0.16 0.34 0.05 n/a n/a 0.09 0.06 1.19
2,3-Dimethylbutane 0.23 0.10 0.03 0.06 n/a n/a 0.10 0.06 0.72
2-Methylpentane 1.25 0.59 0.11 0.27 n/a n/a 0.51 0.37 1.01
3-Methylpentane 0.79 0.36 0.11 0.26 n/a n/a 0.46 0.27 0.69
2-Methyl-1 -Pentene 0.07 0.02 -1.86 0.02 n/a n/a 0.03 0.02 0.27
Hexane 0.88 0.42 -0.12 0.32 n/a n/a 0.50 0.27 0.10
Methylcyclopentane 0.36 0.14 -0.33 0.12 n/a n/a 0.19 0.10 0.20
2,4-Dimethylpentane 0.11 0.04 -0.29 0.04 n/a n/a 0.07 0.04 0.64
Benzene 1.38 0.38 -0.04 0.77 n/a n/a 0.89 0.38 1.00
Cyclohexane 0.10 0.04 -0.85 0.05 n/a n/a 0.06 0.03 0.45
2-Methylhexane 0.39 0.15 -0.46 0.19 n/a n/a 0.27 0.16 1.38
2,3-Dimethylpentane 0.20 0.08 -0.34 0.11 n/a n/a 0.14 0.08 0.93
3-Methylhexane 0.46 0.19 -0.34 0.18 n/a n/a 0.27 0.17 1.31
2,2,4-Trimethylpentane 0.38 0.13 -0.11 0.18 n/a n/a 0.24 0.15 0.59
Heptane 0.39 0.17 -0.48 0.14 n/a n/a 0.18 0.10 1.12
Methylcyclohexane 0.13 0.05 -0.72 0.05 n/a n/a 0.07 0.04 0.80
2,3,4-Trimethylpentane 0.14 0.04 -0.60 0.07 n/a n/a 0.13 0.10 1.29
Toluene 3.36 1.78 0.20 1.80 n/a n/a 2.75 2.19 0.71
2-Methylheptane 0.14 0.06 -0.38 0.05 n/a n/a 0.07 0.04 0.85
3 -Methy lheptane 0.15 0.06 -0.31 0.05 n/a n/a 0.07 0.05 1.59
Octane 0.19 0.09 -0.51 0.07 n/a n/a 0.09 0.05 1.22
Ethylbenzene 0.57 0.25 -0.45 0.19 n/a n/a 0.36 0.28 1.75
m,p-Xylene 1.47 0.66 0.09 0.41 n/a n/a 1.02 0.90 1.83
Styrene 0.05 0.03 -0.08 0.00 n/a n/a 0.06 0.04 0.15
o-Xylene 0.49 0.22 0.21 0.14 n/a n/a 0.31 0.25 1.82
Nonane 0.12 0.05 -0.35 0.06 n/a n/a 0.07 0.04 1.27
iso-Propylbenzene 0.03 0.01 0.71 0.01 n/a n/a 0.02 0.01 1.38
n-Propylbenzene 0.10 0.05 0.93 0.03 n/a n/a 0.06 0.04 1.46
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Winter P31 n=5 P32 n=l P33 n=5
Species mean st dev skew mean st dev skew mean st dev skew
3-Ethyltoluene 0.27 0.14 1.04 0.05 n/a n/a 0.17 0.13 1.61
4-Ethyltoluene 0.13 0.07 1.16 0.03 n/a n/a 0.07 0.06 1.53
1,3,5-Trimethylbenzene 0.11 0.07 0.27 0.01 n/a n/a 0.08 0.06 1.59
2-Ethyltoluene 0.11 0.05 1.22 0.03 n/a n/a 0.07 0.05 1.51
1,2,4-T rimethylbenzene 0.37 0.24 0.95 0.04 n/a n/a 0.24 0.20 1.61
Decane 0.13 0.07 0.91 0.05 n/a n/a 0.07 0.04 0.79
1,2,3-Trimethylbenzene 0.07 0.04 1.04 0.01 n/a n/a 0.05 0.04 1.41
1,3-Diethyl benzene 0.02 0.01 0.92 0.00 n/a n/a 0.01 0.01 1.22
1,4-Diethyl benzene 0.06 0.03 1.20 0.01 n/a n/a 0.04 0.03 1.07
Undecane 0.09 0.05 1.43 0.05 n/a n/a 0.07 0.04 0.59
Winter P34 n=5 P35 n=5 P36 n=4
P37
n=l
Species mean st dev skew mean st dev skew mean st dev skew mean
Ethene 1.95 0.29 1.62 2.71 0.85 -0.17 3.24 n/a n/a 7.32
Acetylene 1.38 0.04 1.36 2.24 0.87 1.52 2.11 n/a n/a 3.79
Ethane 7.02 0.79 0.90 7.57 1.95 0.68 9.27 n/a n/a 12.69
Propene 0.41 0.11 -0.17 0.53 0.13 -0.67 0.49 0.22 0.49 2.11
n-Propane 5.31 2.13 -0.09 4.34 1.21 -0.86 3.83 1.61 1.43 9.21
Iso butane 1.21 0.28 0.47 1.47 0.32 -0.74 1.49 1.12 1.39 3.39
1-Butene 0.22 0.06 0.39 0.31 0.07 0.08 0.26 0.12 0.17 1.13
n-Butane 3.96 1.25 0.49 3.42 1.08 -0.24 4.51 2.56 0.87 10.80
t-2-Butene 0.05 0.02 0.16 0.06 0.02 1.18 0.06 0.03 0.12 0.18
c-2-Butene 0.04 0.02 0.12 0.05 0.02 1.86 0.05 0.03 0.03 0.15
Isopentane 1.63 0.69 0.47 2.05 0.58 -0.55 2.48 1.75 0.65 7.34
1-Pentene 0.03 0.01 0.10 0.05 0.01 1.44 0.04 0.02 -0.04 0.11
n-Pentane 0.92 0.36 0.64 1.24 0.41 -0.11 1.62 1.24 1.11 4.30
Isoprene 0.02 0.01 -0.07 0.04 0.01 0.51 0.04 0.02 -0.07 0.16
t-2-Pentene 0.05 0.02 0.01 0.05 0.02 1.01 0.06 0.04 -0.04 0.19
c-2-Pentene 0.02 0.01 0.08 0.03 0.01 1.30 0.03 0.02 -0.14 0.09
2,2-dimethylbutane 0.05 0.02 0.32 0.08 0.02 -1.12 0.06 0.03 0.41 0.18
Cyclopentane 0.07 0.02 0.35 0.12 0.04 -0.21 0.11 0.08 0.91 0.30
2,3-Dimethylbutane 0.07 0.03 0.07 0.13 0.04 -0.94 0.11 0.07 0.59 0.37
2-Methylpentane 0.34 0.14 0.30 0.68 0.20 -0.70 0.56 0.44 0.92 2.85
3 -Methy lpentane 0.37 0.17 0.31 0.46 0.12 -0.40 0.48 0.35 0.89 3.19
2-Methyl-1 -Pentene 0.03 0.01 0.21 0.05 0.01 0.59 0.04 0.03 0.85 0.26
Hexane 0.34 0.16 0.79 0.56 0.10 -0.29 0.52 0.45 1.59 23.93
Methylcyclopentane 0.14 0.06 0.34 0.23 0.05 -0.57 0.19 0.13 0.95 3.96
2,4-
Dimethylpentane 0.05 0.02 -0.06 0.07 0.02 -0.57 0.07 0.04 0.32 0.24
Benzene 0.84 0.24 0.20 1.04 0.14 0.14 0.96 0.41 0.99 2.63
Cyclohexane 0.06 0.01 0.72 0.08 0.02 0.05 0.06 0.03 0.21 0.52
2-Methylhexane 0.25 0.07 0.43 0.24 0.07 -0.72 0.34 0.14 -1.56 0.98
2,3-
Dimethylpentane 0.12 0.04 0.48 0.13 0.03 -0.63 0.16 0.06 -0.86 0.45
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Winter P34 n=5 P35 n=5 P36 n=4
P37
n=l
Species mean st dev skew mean st dev skew mean st dev skew mean
3-Methylhexane 0.24 0.06 0.36 0.28 0.08 -0.62 0.33 0.15 -1.11 0.97
2,2,4-
Trimethylpentane 0.20 0.08 -0.44 0.26 0.08 -0.36 0.24 0.15 0.11 0.94
Heptane 0.17 0.05 0.55 0.24 0.06 -0.80 0.21 0.11 0.58 0.68
Methylcyclohexane 0.08 0.03 1.33 0.09 0.03 -0.70 0.07 0.03 -0.27 0.22
2,3,4-
Trimethylpentane 0.09 0.03 -0.89 0.10 0.03 -0.11 0.13 0.09 0.00 0.30
Toluene 5.45 6.02 1.85 1.88 0.68 -0.12 3.95 4.17 1.65 64.69
2-Methylheptane 0.08 0.02 0.42 0.09 0.03 -0.67 0.08 0.05 0.67 0.34
3-Methylheptane 0.08 0.03 0.25 0.08 0.03 -0.54 0.08 0.05 0.23 0.31
Octane 0.12 0.03 0.53 0.11 0.04 -0.51 0.11 0.06 0.66 0.34
Ethylbenzene 0.32 0.07 -1.57 0.30 0.12 0.23 0.40 0.25 0.18 1.57
m,p-Xylene 0.76 0.22 0.17 0.77 0.28 -0.29 1.17 0.81 0.17 4.42
Styrene 0.04 0.02 0.94 0.04 0.01 -0.15 0.06 0.05 1.84 0.10
o-Xylene 0.25 0.07 0.24 0.27 0.10 -0.15 0.36 0.23 0.26 1.25
Nonane 0.07 0.02 -0.45 0.08 0.03 -0.23 0.08 0.04 0.08 0.27
iso-Propylbenzene 0.02 0.00 0.11 0.02 0.01 -0.43 0.02 0.01 -0.01 0.06
n-Propylbenzene 0.05 0.02 0.28 0.06 0.02 -0.37 0.07 0.04 -0.10 0.20
3-Ethyltoluene 0.13 0.05 0.48 0.16 0.05 -0.71 0.19 0.12 -0.12 0.54
4-Ethyltoluene 0.06 0.02 0.43 0.08 0.02 -0.80 0.09 0.05 -0.12 0.25
1,3,5-
Trimethylbenzene 0.06 0.02 0.47 0.07 0.02 0.48 0.09 0.05 -0.15 0.23
2-Ethyltoluene 0.06 0.02 0.51 0.07 0.02 -0.69 0.08 0.05 -0.10 0.20
1,2,4-
Trimethylbenzene 0.19 0.08 0.45 0.23 0.07 -0.22 0.28 0.18 -0.12 0.64
Decane 0.07 0.02 0.46 0.10 0.04 0.03 0.08 0.04 -0.03 0.20
1,2,3- 
Trimethylbenzene 0.04 0.01 0.44 0.04 0.01 -0.16 0.06 0.03 -0.15 0.11
1,3-Diethyl benzene 0.01 0.00 0.42 0.01 0.00 0.25 0.01 0.01 -0.17 0.02
1,4-Diethyl benzene 0.04 0.02 0.33 0.05 0.02 0.05 0.05 0.02 -0.02 0.06
Undecane 0.07 0.02 -0.58 0.09 0.04 0.20 0.09 0.04 0.12 0.10
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Winter P38 n=5 P39 n=5 P40 n=4
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 2.52 0.69 -0.06 1.38 n/a n/a 2.40 n/a n/a
Acetylene 1.73 0.25 -0.43 1.16 n/a n/a 1.86 n/a n/a
Ethane 6.59 0.67 -0.41 6.31 n/a n/a 6.77 n/a n/a
Propene 0.48 0.08 0.46 0.34 0.16 1.27 0.40 0.14 1.82
n-Propane 3.83 0.52 -0.86 3.30 1.07 0.71 2.90 0.69 1.19
Iso butane 0.97 0.13 -0.47 1.33 1.07 1.54 1.11 0.59 1.73
1-Butene 0.26 0.02 0.52 0.18 0.08 1.46 0.20 0.07 1.97
n-Butane 2.60 0.42 0.10 3.53 1.85 1.12 3.82 2.11 1.58
t-2-Butene 0.05 0.01 0.80 0.04 0.02 1.96 0.05 0.04 1.91
c-2-Butene 0.04 0.01 0.00 0.04 0.02 1.92 0.04 0.03 1.86
Isopentane 1.39 0.23 0.08 1.54 1.05 1.29 1.89 1.07 1.71
1-Pentene 0.04 0.01 -0.39 0.03 0.01 1.03 0.03 0.01 1.96
n-Pentane 0.86 0.18 0.54 0.80 0.47 1.43 0.88 0.44 1.67
Isoprene 0.03 0.01 -0.84 0.02 0.01 1.74 0.02 0.01 1.55
t-2-Pentene 0.04 0.01 0.56 0.03 0.03 2.05 0.05 0.04 1.83
c-2-Pentene 0.02 0.00 -0.35 0.02 0.01 2.02 0.02 0.02 1.84
2,2-dimethylbutane 0.05 0.01 -0.16 0.04 0.02 1.46 0.05 0.02 1.63
Cyclopentane 0.08 0.02 0.46 0.06 0.03 1.43 0.06 0.03 1.88
2,3-Dimethylbutane 0.08 0.01 -0.49 0.07 0.05 0.74 0.07 0.03 1.45
2-Methylpentane 0.40 0.07 -0.59 0.32 0.21 1.20 0.35 0.17 1.76
3 -Methy lpentane 0.31 0.05 0.60 0.29 0.18 1.40 0.33 0.16 1.91
2-Methyl-1 -Pentene 0.04 0.01 -1.28 0.03 0.02 0.63 0.03 0.01 1.98
Hexane 0.35 0.10 0.67 0.33 0.17 0.62 0.37 0.19 1.66
Methylcyclopentane 0.14 0.02 -0.09 0.13 0.07 0.76 0.14 0.06 1.71
2,4-Dimethylpentane 0.04 0.00 0.43 0.05 0.03 0.70 0.05 0.02 1.19
Benzene 0.91 0.20 1.53 0.67 0.22 1.70 0.81 0.23 1.22
Cyclohexane 0.04 0.01 0.84 0.05 0.02 0.64 0.08 0.04 0.73
2-Methylhexane 0.24 0.08 -0.17 0.19 0.10 1.49 0.21 0.07 1.27
2,3-Dimethylpentane 0.12 0.02 -1.01 0.10 0.05 1.19 0.11 0.04 1.18
3-Methylhexane 0.27 0.06 -0.57 0.19 0.10 1.35 0.20 0.06 1.34
2,2,4-Trimethylpentane 0.18 0.02 1.24 0.19 0.14 0.61 0.19 0.04 1.66
Heptane 0.17 0.03 -0.10 0.14 0.06 0.85 0.14 0.05 1.90
Methylcyclohexane 0.06 0.01 -0.79 0.06 0.03 0.77 0.06 0.01 1.89
2,3,4-Trimethylpentane 0.06 0.00 0.66 0.08 0.06 0.61 0.07 0.02 1.25
Toluene 1.71 0.82 1.94 1.55 1.12 1.68 2.20 0.70 1.67
2-Methylheptane 0.06 0.01 -1.31 0.06 0.03 0.64 0.05 0.01 1.24
3 -Methy lheptane 0.06 0.01 -2.15 0.05 0.03 1.74 0.05 0.02 1.38
Octane 0.08 0.01 -2.03 0.07 0.03 1.65 0.06 0.01 1.67
Ethylbenzene 0.32 0.06 -1.39 0.23 0.16 1.85 0.24 0.07 1.11
m,p-Xylene 0.83 0.14 -1.69 0.61 0.53 1.99 0.59 0.18 0.46
Styrene 0.03 0.01 0.31 0.04 0.03 1.32 0.03 0.02 0.89
o-Xylene 0.26 0.04 -1.57 0.19 0.15 1.95 0.19 0.05 0.47
Nonane 0.05 0.01 0.19 0.06 0.03 1.61 0.06 0.01 0.13
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Winter P38 n=5 P39 n=5 P40 n=4
Species mean st dev skew mean st dev skew mean st dev skew
iso-Propylbenzene 0.02 0.00 -1.87 0.01 0.01 1.62 0.01 0.00 1.10
n-Propylbenzene 0.06 0.01 -0.49 0.04 0.03 1.79 0.04 0.01 0.33
3-Ethyltoluene 0.17 0.03 -0.70 0.11 0.10 2.05 0.10 0.02 1.24
4-Ethyltoluene 0.08 0.02 -1.04 0.05 0.04 1.96 0.05 0.01 0.84
1,3,5-Trimethylbenzene 0.06 0.01 0.30 0.05 0.05 2.15 0.04 0.02 -0.37
2-Ethyltoluene 0.06 0.01 -1.22 0.04 0.04 1.90 0.04 0.01 0.11
1,2,4-Trimethylbenzene 0.20 0.03 -0.87 0.15 0.15 2.07 0.13 0.04 0.43
Decane 0.06 0.01 0.70 0.06 0.04 1.01 0.06 0.01 -0.85
1,2,3-Trimethylbenzene 0.03 0.00 -1.10 0.03 0.03 2.02 0.03 0.01 -0.36
1,3-Diethyl benzene 0.01 0.00 0.10 0.01 0.01 1.78 0.01 0.00 -1.31
1,4-Diethyl benzene 0.03 0.00 0.61 0.03 0.02 1.85 0.03 0.01 -0.54
Undecane 0.06 0.01 -0.10 0.05 0.04 1.10 0.06 0.01 -1.24
Winter P41 n=3 P42 n=5 P43 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene n/a n/a n/a 1.42 n/a n/a 3.72 0.65 1.31
Acetylene n/a n/a n/a 1.14 n/a n/a 3.14 0.43 -0.10
Ethane n/a n/a n/a 5.56 n/a n/a 8.80 1.83 -0.33
Propene 0.81 0.12 0.99 0.32 0.17 1.53 0.43 0.12 1.28
n-Propane 5.71 0.54 -0.05 3.23 1.12 0.62 3.72 0.92 -0.21
Iso butane 2.75 0.63 0.69 1.47 1.05 1.52 1.19 0.25 0.07
1-Butene 0.42 0.08 0.15 0.17 0.09 1.53 0.24 0.08 1.57
n-Butane 6.97 1.13 1.71 3.43 1.50 0.73 3.68 1.07 1.15
t-2-Butene 0.09 0.02 1.65 0.04 0.02 1.93 0.06 0.03 1.98
c-2-Butene 0.08 0.02 1.28 0.03 0.02 1.71 0.05 0.02 1.91
Isopentane 3.84 0.82 1.38 1.51 0.87 1.19 2.08 0.60 0.42
1-Pentene 0.06 0.02 0.55 0.02 0.01 1.35 0.03 0.01 1.79
n-Pentane 1.88 0.20 1.73 0.73 0.39 1.58 1.12 0.37 0.55
Isoprene 0.05 0.01 -1.62 0.02 0.01 1.98 0.03 0.01 1.12
t-2-Pentene 0.09 0.02 1.02 0.03 0.02 2.15 0.05 0.03 1.94
c-2-Pentene 0.04 0.01 0.86 0.01 0.01 2.12 0.03 0.01 1.95
2,2-dimethylbutane 0.10 0.02 1.16 0.04 0.02 1.68 0.06 0.02 1.38
Cyclopentane 0.13 0.01 1.50 0.05 0.03 1.72 0.08 0.02 0.25
2,3-Dimethylbutane 0.16 0.04 0.02 0.07 0.04 0.92 0.08 0.03 1.70
2-Methylpentane 0.92 0.19 0.26 0.27 0.19 1.64 0.44 0.16 1.11
3 -Methy lpentane 0.86 0.17 1.24 0.26 0.17 1.65 0.38 0.13 1.14
2-Methyl-1 -Pentene 0.05 0.01 0.93 0.02 0.01 1.03 0.03 0.01 1.24
Hexane 0.91 0.14 1.72 0.26 0.15 1.61 0.37 0.11 0.50
Methylcyclopentane 0.32 0.07 0.64 0.11 0.06 1.53 0.15 0.05 1.51
2,4-Dimethylpentane 0.10 0.03 -0.20 0.04 0.03 0.84 0.05 0.02 1.73
Benzene 1.79 0.61 1.59 0.63 0.21 1.75 0.92 0.17 1.06
Cyclohexane 0.17 0.08 1.62 0.06 0.02 0.83 0.08 0.01 -0.83
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Winter P41 n=3 P42 n=5 P43 n=5
Species mean st dev skew mean st dev skew mean st dev skew
2-Methylhexane 0.51 0.09 -0.50 0.21 0.11 1.12 0.27 0.10 1.06
2,3-Dimethylpentane 0.23 0.06 0.23 0.11 0.05 1.12 0.12 0.05 1.36
3-Methylhexane 0.49 0.09 -0.43 0.21 0.11 0.86 0.27 0.10 1.18
2,2,4-Trimethylpentane 0.42 0.15 0.44 0.19 0.14 0.60 0.18 0.09 2.11
Heptane 0.35 0.06 -0.26 0.14 0.07 1.29 0.20 0.06 0.17
Methylcyclohexane 0.14 0.02 1.62 0.07 0.03 0.24 0.09 0.04 0.91
2,3,4-Trimethylpentane 0.15 0.06 0.53 0.08 0.06 0.61 0.07 0.03 2.06
Toluene 5.20 1.33 0.88 1.56 0.95 1.35 2.32 0.77 0.35
2-Methylheptane 0.15 0.04 1.65 0.05 0.03 1.99 0.08 0.02 -0.38
3-Methy lheptane 0.15 0.03 1.54 0.04 0.03 2.09 0.08 0.03 0.59
Octane 0.20 0.08 1.48 0.06 0.03 1.99 0.10 0.04 0.10
Ethylbenzene 0.82 0.26 1.25 0.20 0.15 2.04 0.34 0.13 -0.09
m,p-Xylene 1.90 0.58 0.93 0.51 0.46 2.11 0.83 0.43 0.29
Styrene 0.04 0.03 1.72 0.03 0.02 1.14 0.03 0.03 0.85
o-Xylene 0.56 0.11 1.06 0.16 0.14 2.05 0.28 0.13 0.40
Nonane 0.16 0.04 1.31 0.05 0.03 1.72 0.12 0.04 -0.61
iso-Propylbenzene 0.03 0.01 1.54 0.01 0.01 1.74 0.02 0.01 0.00
n-Propylbenzene 0.10 0.03 1.41 0.03 0.03 1.93 0.06 0.03 0.98
3-Ethyltoluene 0.23 0.09 1.73 0.09 0.09 2.06 0.14 0.10 0.92
4-Ethyltoluene 0.12 0.05 1.56 0.04 0.04 2.00 0.06 0.04 0.97
1,2,4-Trimethylbenzene 0.26 0.13 1.73 0.12 0.14 2.10 0.19 0.16 0.99
Decane 0.14 0.03 1.61 0.05 0.03 1.51 0.17 0.06 -0.58
1,2,3 -Trimethylbenzene 0.06 0.03 1.71 0.03 0.03 1.99 0.05 0.04 0.70
1,3-Diethyl benzene 0.01 0.01 0.84 0.01 0.01 1.77 0.01 0.01 0.79
1,4-Diethyl benzene 0.04 0.02 1.21 0.03 0.02 1.77 0.04 0.03 0.71
Undecane 0.09 0.04 0.74 0.05 0.04 1.28 0.10 0.07 0.18
Winter P44 n=5 P45 n=5 P46 n=3
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 2.02 1.09 0.21 2.03 1.10 0.38 3.43 0.77 1.73
Acetylene 1.93 1.49 2.05 1.20 0.40 -0.26 2.08 0.02 -0.86
Ethane 7.13 0.99 -0.15 7.48 1.94 0.59 9.69 0.62 0.09
Propene 0.38 0.22 0.54 0.40 0.28 1.41 0.66 0.23 1.49
n-Propane 3.04 0.42 0.78 3.21 0.88 1.53 3.92 0.27 0.56
Iso butane 0.99 0.37 0.88 1.14 0.53 0.85 1.49 0.24 -0.40
1-Butene 0.22 0.10 0.24 0.23 0.13 1.28 0.38 0.12 0.73
n-Butane 2.81 1.28 0.91 3.46 1.70 0.57 4.56 1.33 1.72
t-2-Butene 0.05 0.03 0.70 0.05 0.04 1.21 0.08 0.03 1.41
c-2-Butene 0.04 0.03 0.34 0.05 0.03 0.97 0.07 0.02 1.15
Isopentane 1.60 0.87 0.80 1.86 1.24 0.61 2.93 1.02 1.57
1-Pentene 0.04 0.01 -0.06 0.04 0.02 0.08 0.06 0.01 0.64
n-Pentane 1.02 0.60 1.43 1.21 0.82 1.10 1.96 0.89 1.62
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Winter P44 n=5 P45 n=5 P46 n=3
Species mean st dev skew mean st dev skew mean st dev skew
Isoprene 0.02 0.02 1.50 0.03 0.03 1.71 0.05 0.02 1.52
t-2-Pentene 0.04 0.03 1.20 0.06 0.05 0.95 0.08 0.03 1.60
c-2-Pentene 0.02 0.02 0.96 0.03 0.02 0.80 0.04 0.01 1.32
2,2-dimethylbutane 0.06 0.02 0.66 0.06 0.03 0.71 0.09 0.03 0.97
Cyclopentane 0.09 0.06 1.59 0.11 0.08 1.51 0.17 0.10 1.73
2,3-Dimethylbutane 0.08 0.05 0.57 0.09 0.07 0.85 0.15 0.05 1.20
2-Methylpentane 0.44 0.31 1.16 0.52 0.42 1.31 0.83 0.37 1.65
3-Methy lpentane 0.34 0.18 0.93 0.38 0.28 1.26 0.57 0.20 1.68
2-Methyl-1 -Pentene 0.03 0.02 0.43 0.04 0.02 0.71 0.06 0.02 1.43
Hexane 0.36 0.21 1.24 0.40 0.33 1.66 0.62 0.19 -0.14
Methylcyclopentane 0.15 0.07 0.68 0.16 0.13 1.32 0.23 0.07 1.63
2,4-Dimethylpentane 0.05 0.02 0.44 0.05 0.03 0.99 0.08 0.02 0.96
Benzene 0.75 0.26 1.06 0.77 0.33 1.40 1.13 0.34 1.59
Cyclohexane 0.05 0.02 0.18 0.05 0.02 1.97 0.07 0.02 1.69
2-Methylhexane 0.19 0.10 0.77 0.22 0.16 1.25 0.32 0.10 1.47
2,3-Dimethylpentane 0.09 0.04 0.45 0.10 0.07 1.05 0.16 0.05 0.87
3-Methylhexane 0.22 0.11 0.58 0.25 0.18 1.34 0.37 0.13 1.64
2,2,4-Trimethylpentane 0.16 0.08 -0.31 0.16 0.10 0.35 0.29 0.08 -0.35
Heptane 0.18 0.09 0.99 0.20 0.16 1.56 0.33 0.09 -0.74
Methylcyclohexane 0.06 0.03 1.19 0.06 0.04 1.26 0.09 0.02 1.20
2,3,4-Trimethylpentane 0.06 0.03 -0.29 0.06 0.04 0.13 0.11 0.03 -0.81
Toluene 1.79 0.98 1.62 1.79 1.57 1.79 2.89 1.59 1.66
2-Methylheptane 0.07 0.04 1.68 0.08 0.06 1.76 0.12 0.04 1.66
3-Methy lheptane 0.07 0.05 1.23 0.08 0.07 1.39 0.13 0.04 1.73
Octane 0.10 0.08 1.99 0.11 0.09 1.85 0.18 0.05 -1.63
Ethylbenzene 0.30 0.20 1.05 0.34 0.30 1.52 0.51 0.25 1.38
m,p-Xylene 0.79 0.60 0.97 0.91 0.89 1.53 1.43 0.74 1.41
Styrene 0.03 0.02 0.75 0.03 0.03 1.27 0.06 0.02 1.61
o-Xylene 0.25 0.19 1.17 0.29 0.27 1.54 0.46 0.24 1.51
Nonane 0.07 0.05 1.69 0.08 0.07 1.72 0.15 0.05 -0.71
iso-Propylbenzene 0.02 0.01 1.01 0.02 0.01 1.28 0.03 0.01 1.25
n-Propylbenzene 0.06 0.03 0.52 0.06 0.05 1.03 0.10 0.04 1.16
3-Ethyltoluene 0.15 0.10 0.21 0.16 0.13 0.82 0.27 0.12 0.99
4-Ethyltoluene 0.07 0.05 0.37 0.08 0.06 0.87 0.13 0.05 0.90
1,3,5-Trimethylbenzene 0.07 0.04 0.15 0.07 0.06 0.80 0.12 0.05 1.09
2-Ethyltoluene 0.06 0.04 0.26 0.07 0.05 0.87 0.11 0.04 0.79
1,2,4-Trimethylbenzene 0.22 0.15 0.21 0.24 0.21 1.00 0.41 0.17 0.97
Decane 0.08 0.05 1.69 0.11 0.12 1.99 0.17 0.04 -1.47
1,2,3-Trimethylbenzene 0.05 0.03 0.34 0.05 0.05 1.23 0.08 0.03 0.96
1,3-Diethyl benzene 0.01 0.01 0.69 0.01 0.01 0.89 0.02 0.01 0.58
1,4-Diethyl benzene 0.05 0.02 0.52 0.05 0.03 0.97 0.08 0.02 0.40
Undecane 0.08 0.03 1.04 0.09 0.08 1.52 0.16 0.03 1.18
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Summer PI n=5 P2 n=5 P3 n=4 |
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.47 1.06 1.99 1.15 0.32 0.07 1.30 1.00 1.78
Acetylene 0.80 0.72 2.06 0.53 0.28 1.43 0.66 0.32 1.54
Ethane 3.47 2.71 1.99 2.88 1.40 1.72 4.24 2.07 0.99
Propene 0.47 0.27 1.60 0.38 0.08 0.51 0.52 0.37 1.89
n-Propane 3.00 1.43 1.97 2.68 1.50 1.74 6.12 4.96 1.80
Iso butane 1.65 0.61 -0.22 0.82 0.54 1.85 1.24 0.71 0.14
1-Butene 0.34 0.15 0.67 0.22 0.04 0.91 0.29 0.17 2.00
n-Butane 5.45 2.46 0.34 2.21 1.43 1.87 2.15 0.91 1.57
t-2-Butene 0.15 0.08 1.29 0.06 0.04 1.99 0.05 0.05 1.96
c-2-Butene 0.12 0.06 1.54 0.05 0.03 1.94 0.04 0.04 1.96
Isopentane 4.69 3.98 2.16 2.27 2.12 2.08 2.50 1.92 1.82
1-Pentene 0.09 0.05 0.49 0.04 0.01 1.98 0.06 0.03 1.24
n-Pentane 2.54 1.92 2.12 1.29 1.02 2.03 1.59 1.08 1.79
Isoprene 0.36 0.09 0.08 0.20 0.07 0.02 0.28 0.09 -0.44
t-2-Pentene 0.21 0.15 1.97 0.08 0.06 2.03 0.07 0.08 1.97
c-2-Pentene 0.09 0.06 2.07 0.03 0.03 1.99 0.03 0.04 1.98
2,2-dimethylbutane 0.10 0.08 2.15 0.07 0.05 0.71 0.10 0.08 1.75
Cyclopentane 0.16 0.12 2.11 0.10 0.07 1.35 0.15 0.11 1.90
2,3 -D imethy lbutane 0.19 0.17 2.20 0.14 0.11 0.67 0.16 0.13 1.81
2-Methylpentane 0.83 0.89 2.21 0.61 0.57 1.17 0.70 0.55 1.90
3-Methylpentane 0.67 0.61 2.17 0.65 0.64 1.48 0.51 0.37 1.82
2-Methyl-1 -Pentene 0.07 0.05 0.62 0.03 0.01 1.93 0.06 0.02 1.62
Hexane 0.56 0.49 2.10 0.64 0.74 1.79 0.58 0.42 1.64
Methylcyclopentane 0.28 0.23 2.15 0.18 0.13 0.58 0.25 0.20 1.76
2,4-Dimethylpentane 0.08 0.08 2.16 0.08 0.08 1.56 0.08 0.06 1.68
Benzene 0.89 0.67 2.06 0.53 0.24 1.75 0.80 0.65 1.86
Cyclohexane 0.08 0.05 1.31 0.07 0.04 0.81 0.09 0.05 -0.05
2-Methylhexane 0.40 0.38 2.11 0.54 0.52 1.30 0.26 0.18 1.87
2,3-Dimethylpentane 0.17 0.16 2.14 0.22 0.20 1.00 0.14 0.10 1.76
3-Methylhexane 0.44 0.41 2.03 0.58 0.53 0.82 0.32 0.22 1.92
2,2,4-Trimethylpentane 0.27 0.25 2.17 0.21 0.11 -0.05 0.27 0.22 1.56
Heptane 0.21 0.18 2.05 0.28 0.27 1.34 0.23 0.14 1.87
Methylcyclohexane 0.09 0.07 2.11 0.06 0.05 1.89 0.11 0.06 0.81
2,3,4-Trimethylpentane 0.10 0.09 2.18 0.07 0.04 0.85 0.09 0.08 1.67
Toluene 3.76 3.93 2.16 3.47 3.47 2.05 3.38 2.43 1.46
2-Methylheptane 0.10 0.09 2.03 0.06 0.03 1.31 0.09 0.06 1.73
3-Methylheptane 0.11 0.10 2.16 0.07 0.04 1.31 0.09 0.06 1.86
Octane 0.13 0.10 1.87 0.08 0.03 1.04 0.13 0.08 0.92
Ethylbenzene 0.56 0.50 1.89 0.44 0.24 0.20 0.52 0.30 1.09
m,p-Xylene 1.58 1.75 2.04 0.93 0.60 1.25 1.42 0.88 1.27
Styrene 0.06 0.06 1.74 0.03 0.01 0.39 0.06 0.06 1.86
o-Xylene 0.52 0.52 2.02 0.30 0.19 1.25 0.44 0.28 1.46
Nonane 0.11 0.08 1.24 0.07 0.04 1.08 0.12 0.07 0.03
iso-Propylbenzene 0.03 0.02 1.98 0.02 0.01 1.34 0.02 0.01 1.82
n-Propylbenzene 0.11 0.10 1.96 0.07 0.04 1.35 0.08 0.06 1.90
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Summer PI n=5 P2 n=5 P3 n=4
Species mean st dev skew mean st dev skew mean st dev skew
3-Ethyltoluene 0.28 0.29 2.04 0.15 0.11 1.64 0.21 0.20 1.88
4-Ethyltoluene 0.13 0.14 2.07 0.07 0.05 1.61 0.11 0.10 1.88
1,3,5-Trimethylbenzene 0.15 0.14 1.85 0.07 0.05 1.69 0.11 0.10 1.87
2-Ethyltoluene 0.13 0.11 1.84 0.06 0.04 1.54 0.09 0.08 1.87
1,2,4-Trimethylbenzene 0.54 0.53 1.92 0.23 0.17 1.66 0.37 0.34 1.89
Decane 0.16 0.11 0.48 0.13 0.08 0.70 0.18 0.12 -0.02
1,2,3-Trimethylbenzene 0.13 0.10 1.71 0.06 0.04 1.33 0.09 0.07 1.83
1,3-Diethyl benzene 0.02 0.02 1.85 0.01 0.01 1.35 0.02 0.01 1.82
1,4-Diethyl benzene 0.08 0.06 1.72 0.05 0.03 0.79 0.08 0.05 1.95
Undecane 0.18 0.11 0.46 0.13 0.06 1.19 0.20 0.12 0.02
Summer P4 n=5 P5 n=5 P6 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.43 0.93 0.50 1.81 1.19 1.28 2.31 1.66 0.08
Acetylene 0.76 0.49 0.40 1.01 0.61 1.08 0.99 0.72 0.59
Ethane 4.19 3.23 0.54 4.54 3.90 0.85 3.84 2.42 1.16
Propene 0.39 0.19 0.20 0.52 0.34 1.62 0.61 0.38 1.36
n-Propane 5.43 5.08 1.67 3.90 2.92 1.78 3.90 1.85 1.08
Iso butane 1.27 0.66 0.53 1.56 1.03 1.78 1.15 0.68 0.98
1-Butene 0.26 0.09 0.46 0.32 0.16 1.18 0.30 0.17 1.73
n-Butane 8.65 4.07 -0.62 4.67 3.53 1.77 3.08 1.79 1.43
t-2-Butene 0.09 0.05 -0.01 0.16 0.11 1.89 0.07 0.05 1.96
c-2-Butene 0.08 0.04 0.27 0.12 0.09 1.82 0.06 0.04 1.88
Isopentane 11.24 6.14 -0.27 8.00 7.49 1.90 4.59 3.27 1.54
1-Pentene 0.07 0.03 0.43 0.10 0.07 1.38 0.06 0.04 1.95
n-Pentane 8.36 4.15 -0.50 4.37 3.89 1.92 2.48 1.67 1.51
Isoprene 0.59 0.21 -1.75 0.62 0.25 -0.75 0.21 0.06 1.37
t-2-Pentene 0.14 0.08 0.26 0.35 0.28 1.77 0.11 0.09 1.97
c-2-Pentene 0.06 0.03 0.40 0.14 0.10 1.72 0.05 0.04 1.96
2 ,2-dimethy lbutane 0.15 0.06 0.41 0.15 0.10 0.82 0.12 0.07 1.65
Cyclopentane 0.55 0.22 -0.08 0.29 0.20 1.56 0.21 0.15 1.21
2,3-Dimethylbutane 0.33 0.20 0.78 0.30 0.23 1.45 0.23 0.17 1.72
2-Methylpentane 1.73 1.13 0.67 1.47 1.34 1.62 1.15 0.94 1.69
3-Methylpentane 1.19 0.78 0.76 1.12 1.00 1.80 0.89 0.67 1.74
2-Methyl-1 -Pentene 0.05 0.03 0.21 0.09 0.05 1.05 0.06 0.03 0.99
Hexane 1.21 0.97 1.13 1.18 1.33 2.02 1.05 0.94 1.98
Methylcyclopentane 0.42 0.34 1.15 0.47 0.44 1.80 0.38 0.30 1.86
2,4-Dimethylpentane 0.12 0.09 0.91 0.12 0.08 1.02 0.13 0.11 1.87
Benzene 1.05 0.60 0.76 1.18 1.01 1.74 0.95 0.60 1.57
Cyclohexane 0.09 0.06 1.21 0.09 0.06 1.47 0.17 0.15 0.63
2-Methylhexane 0.60 0.40 0.54 0.61 0.40 0.79 0.50 0.33 1.68
2,3-Dimethylpentane 0.27 0.20 0.70 0.25 0.17 0.75 0.28 0.20 1.79
3-Methylhexane 0.65 0.45 0.59 0.64 0.41 0.67 0.53 0.35 1.67
2,2,4-Trimethylpentane 0.36 0.33 1.01 0.31 0.20 0.51 0.53 0.46 1.83
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Summer P4 n=5 P5 n=5 P6 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Heptane 0.40 0.23 0.73 0.36 0.22 0.44 0.30 0.19 1.58
Methylcyclohexane 0.12 0.10 1.35 0.13 0.09 1.07 0.13 0.08 1.41
2,3,4-Trimethylpentane 0.12 0.10 0.90 0.11 0.07 0.38 0.19 0.15 1.81
Toluene 11.79 7.07 0.00 8.25 7.49 1.88 7.24 4.97 1.37
2-Methylheptane 0.16 0.10 1.26 0.14 0.09 1.40 0.12 0.07 1.69
3-Methylheptane 0.17 0.10 0.95 0.15 0.09 1.37 0.41 0.54 2.15
Octane 0.21 0.14 1.30 0.17 0.11 1.69 1.07 1.85 2.23
Ethylbenzene 1.12 0.53 0.02 0.98 0.61 0.57 0.84 0.57 1.60
m,p-Xylene 3.51 1.85 0.11 3.06 2.26 0.56 2.37 1.63 1.58
Styrene 0.05 0.03 0.66 0.05 0.03 0.93 0.06 0.04 1.56
o-Xylene 1.00 0.46 0.19 0.97 0.69 0.73 0.66 0.41 1.57
Nonane 0.14 0.09 1.05 0.13 0.09 1.37 0.15 0.08 0.98
iso-Propylbenzene 0.04 0.02 0.66 0.05 0.03 1.21 0.04 0.02 1.33
n-Propylbenzene 0.17 0.08 0.51 0.30 0.37 2.08 0.14 0.07 1.23
3-Ethyltoluene 0.43 0.25 0.52 1.07 1.60 2.17 0.38 0.21 1.24
4-Ethyltoluene 0.21 0.11 0.43 0.49 0.72 2.16 0.18 0.09 1.25
1,3,5-Trimethylbenzene 0.20 0.11 0.43 0.50 0.76 2.17 0.18 0.10 1.19
2-Ethyltoluene 0.17 0.09 0.46 0.36 0.49 2.12 0.16 0.07 1.14
1,2,4-Trimethylbenzene 0.72 0.42 0.42 1.79 2.70 2.15 0.64 0.32 1.21
Decane 0.23 0.11 -0.59 0.20 0.14 0.51 1.99 3.40 2.23
1,2,3-Trimethylbenzene 0.15 0.07 0.09 0.24 0.25 1.84 0.13 0.06 1.30
1,3-Diethyl benzene 0.03 0.01 0.11 0.04 0.02 0.59 0.03 0.02 1.30
1,4-Diethyl benzene 0.12 0.05 -0.11 0.13 0.07 0.03 0.10 0.05 1.45
Undecane 0.24 0.10 -0.79 0.22 0.15 0.98 0.22 0.09 0.41
Summer P8 n=4 P10 n=5 P l l n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.42 0.53 1.71 1.33 0.76 0.87 2.27 0.78 0.38
Acetylene 0.76 0.22 0.00 0.90 0.58 1.58 1.19 0.63 0.18
Ethane 6.36 4.97 1.44 3.50 1.31 0.32 4.71 2.16 1.14
Propene 0.53 0.26 1.55 0.60 0.43 1.56 0.47 0.12 -0.32
n-Propane 4.25 2.68 1.87 4.70 2.47 0.80 3.03 1.02 0.20
Iso butane 2.00 1.70 1.21 1.83 1.35 0.99 1.39 1.31 2.10
1-Butene 0.29 0.12 1.83 0.41 0.30 1.48 0.21 0.07 0.97
n-Butane 3.44 1.69 1.91 5.71 4.56 1.37 2.43 1.26 1.34
t-2-Butene 0.08 0.05 1.09 0.26 0.29 1.79 0.06 0.04 1.31
c-2-Butene 0.06 0.04 1.15 0.19 0.20 1.78 0.05 0.03 1.31
Isopentane 3.72 2.34 1.98 12.85 9.71 0.89 2.61 2.22 1.78
1-Pentene 0.08 0.05 1.90 0.12 0.09 0.91 0.04 0.02 1.25
n-Pentane 1.85 0.95 1.81 9.13 6.66 0.74 1.50 1.07 1.47
Isoprene 0.89 0.69 1.68 0.29 0.09 -0.24 0.29 0.13 0.56
t-2-Pentene 0.14 0.09 0.84 0.33 0.35 1.43 0.07 0.05 1.32
c-2-Pentene 0.06 0.04 0.56 0.14 0.15 1.40 0.03 0.02 1.20
2,2-dimethylbutane 0.10 0.04 1.93 0.37 0.28 0.73 0.06 0.03 1.07
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Summer P8 n=4 P10 n=5 P l l n=5
Species mean st dev skew mean st dev skew mean st dev skew
Cyclopentane 0.14 0.06 1.57 0.99 0.78 0.55 0.11 0.07 1.37
2,3-Dimethylbutane 0.18 0.08 1.91 0.63 0.50 0.61 0.11 0.07 1.41
2-Methylpentane 0.67 0.38 1.91 3.27 2.60 0.61 0.40 0.28 1.46
3-Methylpentane 0.67 0.34 1.92 1.94 1.47 0.58 0.38 0.24 1.28
2-Methyl-1 -Pentene 0.06 0.04 1.66 0.11 0.08 0.61 0.03 0.02 1.35
Hexane 0.81 0.60 1.65 1.92 1.46 0.48 0.32 0.20 1.25
Methylcyclopentane 0.35 0.24 1.74 0.68 0.52 0.55 0.13 0.08 1.21
2,4-Dimethylpentane 0.08 0.04 1.92 0.23 0.18 0.46 0.05 0.03 1.16
Benzene 1.10 0.83 1.84 1.17 0.70 0.42 0.61 0.25 1.12
Cyclohexane 0.07 0.04 1.85 0.13 0.09 0.59 0.07 0.03 0.94
2-Methylhexane 0.41 0.16 1.90 0.85 0.62 0.51 0.26 0.15 1.30
2,3-Dimethylpentane 0.18 0.07 1.96 0.39 0.27 0.46 0.12 0.07 1.34
3-Methylhexane 0.40 0.16 1.96 1.03 0.74 0.50 0.26 0.16 1.32
2,2,4-Trimethylpentane 0.26 0.09 1.90 0.40 0.27 0.06 0.22 0.10 -0.47
Heptane 0.20 0.07 1.83 0.64 0.46 0.51 0.15 0.09 1.37
Methylcyclohexane 0.10 0.04 1.91 0.16 0.11 0.40 0.06 0.03 0.86
2,3,4-Trimethy lpentane 0.10 0.03 1.52 0.12 0.08 0.04 0.07 0.03 -0.29
Toluene 4.30 0.84 0.45 14.53 14.82 1.01 3.05 1.94 1.08
2-Methylheptane 0.09 0.03 1.98 0.24 0.19 0.44 0.06 0.03 0.82
3-Methylheptane 0.10 0.03 1.71 0.27 0.20 0.42 0.07 0.03 0.92
Octane 0.11 0.04 1.94 0.28 0.21 0.54 0.08 0.04 0.40
Ethylbenzene 0.48 0.12 0.79 1.37 1.00 0.58 0.46 0.28 0.49
m,p-Xylene 1.28 0.40 0.84 4.00 3.22 0.66 0.94 0.64 1.07
Styrene 0.05 0.02 1.32 0.07 0.04 -0.12 0.04 0.02 0.15
o-Xylene 0.42 0.13 0.91 1.25 0.93 0.46 0.32 0.20 1.09
Nonane 0.09 0.03 1.89 0.15 0.10 0.62 0.07 0.03 1.36
iso-Propylbenzene 0.02 0.01 1.31 0.06 0.04 0.40 0.02 0.01 1.05
n-Propylbenzene 0.09 0.02 1.38 0.22 0.16 0.41 0.06 0.03 1.38
3-Ethyltoluene 0.21 0.06 1.23 0.60 0.45 0.41 0.15 0.09 1.39
4-Ethyltoluene 0.10 0.03 1.28 0.30 0.23 0.42 0.07 0.04 1.19
2-Ethyltoluene 0.09 0.03 1.38 0.24 0.18 0.41 0.07 0.03 1.35
1,2,4-Trimethylbenzene 0.33 0.11 1.11 0.99 0.75 0.42 0.23 0.13 1.56
Decane 0.14 0.07 1.99 0.20 0.12 0.57 0.11 0.04 -0.07
1,2,3-Trimethylbenzene 0.08 0.03 0.93 0.20 0.14 0.38 0.06 0.03 1.66
1,3-Diethyl benzene 0.02 0.00 1.60 0.04 0.03 0.43 0.01 0.01 1.34
1,4-Diethyl benzene 0.06 0.02 1.55 0.16 0.10 0.48 0.05 0.02 1.22
Undecane 0.19 0.05 1.98 0.21 0.10 0.13 0.12 0.05 0.79
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Summer P12 n=5 P13 n=5 P14 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 2.04 0.98 0.35 1.92 1.38 -0.16 1.32 0.84 2.13
Acetylene 1.16 0.46 -0.44 0.82 0.55 0.01 0.69 0.46 1.74
Ethane 7.43 4.75 1.34 4.24 3.00 0.97 4.63 4.08 1.56
Propene 0.67 0.36 0.66 0.48 0.27 0.54 0.40 0.26 2.21
n-Propane 4.63 1.83 -0.37 2.87 1.31 0.13 3.38 1.89 1.32
Iso butane 2.29 1.39 -0.15 1.07 0.71 0.67 2.21 1.61 1.24
1-Butene 0.42 0.19 0.66 0.25 0.14 1.14 0.26 0.15 2.11
n-Butane 4.18 1.99 -0.47 2.50 1.28 0.90 2.90 2.07 1.65
t-2-Butene 0.20 0.12 -0.47 0.06 0.03 1.46 0.07 0.07 1.87
c-2-Butene 0.14 0.08 -0.52 0.06 0.03 1.47 0.06 0.06 1.81
Isopentane 5.27 2.71 -0.59 3.49 2.32 1.43 4.99 5.25 2.09
1-Pentene 0.10 0.05 0.16 0.06 0.03 1.28 0.06 0.05 2.07
n-Pentane 3.28 1.63 -0.39 1.64 1.10 1.30 3.58 3.06 1.93
Isoprene 0.76 0.27 0.45 0.52 0.22 1.13 0.35 0.18 1.73
t-2-Pentene 0.33 0.18 -0.72 0.08 0.06 1.99 0.11 0.12 1.89
c-2-Pentene 0.13 0.07 -0.57 0.04 0.03 1.94 0.05 0.05 1.89
2,2-dimethylbutane 0.18 0.10 0.03 0.10 0.06 1.87 0.13 0.11 2.10
Cyclopentane 0.29 0.15 0.05 0.15 0.09 0.89 0.28 0.21 1.85
2,3-Dimethylbutane 0.30 0.17 0.01 0.18 0.11 1.54 0.25 0.23 2.15
2-Methylpentane 1.50 0.83 -0.12 0.79 0.55 1.47 1.16 1.24 2.17
3-Methylpentane 1.02 0.54 -0.24 0.68 0.41 0.81 0.84 0.74 2.13
2-Methyl-1 -Pentene 0.10 0.06 0.33 0.06 0.03 0.13 0.05 0.05 2.17
Hexane 1.11 0.58 -0.29 0.83 0.53 0.09 0.76 0.62 2.04
Methylcyclopentane 0.52 0.28 -0.20 0.34 0.20 0.00 0.28 0.23 2.02
2,4-Dimethylpentane 0.13 0.08 0.30 0.10 0.06 1.33 0.10 0.09 2.13
Benzene 1.31 0.74 -0.03 0.78 0.44 1.25 0.81 0.65 1.98
Cyclohexane 0.11 0.06 0.14 0.16 0.13 0.68 0.08 0.05 1.71
2-Methylhexane 0.50 0.24 0.16 0.38 0.22 1.39 0.55 0.48 2.10
2,3-Dimethylpentane 0.22 0.12 0.23 0.21 0.12 1.11 0.22 0.19 2.10
3-Methylhexane 0.59 0.30 0.26 0.41 0.26 1.52 0.59 0.53 1.99
2,2,4-Trimethylpentane 0.33 0.25 0.59 0.42 0.29 1.21 0.26 0.28 2.14
Heptane 0.42 0.22 0.40 0.25 0.14 1.04 0.33 0.29 1.94
Methylcyclohexane 0.17 0.09 0.28 0.14 0.08 0.34 0.08 0.07 2.05
2,3,4-Trimethylpentane 0.11 0.09 0.81 0.15 0.10 1.33 0.09 0.10 2.14
Toluene 6.62 4.52 0.21 6.81 4.56 0.16 5.05 4.77 2.17
2-Methylheptane 0.16 0.09 0.39 0.11 0.07 1.17 0.10 0.09 2.16
3-Methylheptane 0.17 0.10 0.39 0.24 0.28 1.98 0.12 0.11 2.18
Octane 0.23 0.15 0.72 0.52 0.80 2.17 0.14 0.14 2.20
Ethylbenzene 0.81 0.37 0.12 0.57 0.32 1.29 0.78 0.61 2.07
m,p-Xylene 2.33 1.11 0.13 1.53 0.98 1.43 2.68 2.47 2.02
Styrene 0.08 0.06 0.83 0.05 0.04 1.68 0.05 0.05 2.00
o-Xylene 0.79 0.37 0.11 0.45 0.30 1.67 0.74 0.75 2.11
Nonane 0.17 0.11 0.58 0.12 0.05 1.19 0.71 1.34 2.23
iso-Propylbenzene 0.05 0.02 0.31 0.02 0.01 1.36 0.04 0.03 2.07
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Summer P12 n=5 P13 n=5 P14 n=5
Species mean st dev skew mean st dev skew mean st dev skew
n-Propylbenzene 0.17 0.09 0.50 0.10 0.05 1.33 0.14 0.12 1.93
3-Ethyltoluene 0.46 0.27 0.69 0.25 0.14 1.08 0.36 0.37 2.00
4-Ethyltoluene 0.23 0.14 0.70 0.12 0.06 1.16 0.17 0.18 2.03
1,3,5-Trimethylbenzene 0.22 0.13 0.85 0.12 0.08 1.22 0.26 0.34 2.15
2-Ethyltoluene 0.19 0.11 0.73 0.11 0.06 1.22 0.15 0.14 1.87
1,2,4-Trimethylbenzene 0.84 0.48 0.63 0.43 0.28 1.50 0.76 0.86 2.03
Decane 0.30 0.29 1.67 0.62 0.91 2.23 1.31 1.98 1.96
1,2,3-Trimethylbenzene 0.18 0.10 0.53 0.09 0.05 1.33 0.17 0.16 1.66
1,3-Diethyl benzene 0.03 0.02 0.67 0.02 0.01 1.50 0.03 0.03 1.40
1,4-Diethyl benzene 0.14 0.07 0.21 0.08 0.04 1.61 0.13 0.12 1.39
Undecane 0.29 0.19 1.21 0.17 0.07 1.16 2.01 2.45 0.76
Summer P15 n=5 P16 n=5 P17 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.22 0.72 -0.60 0.97 0.53 0.94 1.59 1.20 1.86
Acetylene 0.51 0.30 -0.38 0.50 0.12 -0.96 0.71 0.34 1.00
Ethane 3.85 2.63 0.67 2.00 0.38 -0.43 7.59 11.46 2.19
Propene 0.50 0.10 -0.35 0.46 0.19 0.85 0.43 0.27 1.66
n-Propane 4.27 1.34 0.45 3.18 1.45 0.96 6.28 7.47 2.14
Iso butane 1.43 0.73 1.26 0.91 0.41 0.65 1.18 0.93 1.48
1-Butene 0.31 0.05 0.22 0.24 0.04 -0.99 0.24 0.13 1.88
n-Butane 3.73 0.91 0.58 1.92 0.64 0.90 3.79 2.56 0.89
t-2-Butene 0.06 0.01 -0.08 0.04 0.01 0.79 0.09 0.06 1.36
c-2-Butene 0.05 0.01 -0.46 0.03 0.01 1.33 0.08 0.05 1.51
Isopentane 7.69 3.95 1.76 2.74 0.66 0.01 9.33 7.40 0.42
1-Pentene 0.07 0.02 1.11 0.07 0.02 1.38 0.08 0.04 1.12
n-Pentane 4.10 0.96 0.48 1.95 0.54 0.81 5.62 4.17 0.31
Isoprene 0.37 0.07 -0.96 0.76 0.31 0.56 2.14 1.68 1.48
t-2-Pentene 0.06 0.02 0.30 0.08 0.02 -0.43 0.29 0.21 0.45
c-2-Pentene 0.03 0.01 0.27 0.04 0.01 -0.62 0.11 0.08 0.59
2,2-dimethylbutane 0.10 0.02 0.41 0.10 0.02 -2.13 0.24 0.18 0.29
Cyclopentane 0.28 0.06 1.06 0.20 0.05 0.17 0.50 0.35 0.33
2,3 -Dimethy lbutane 0.20 0.05 0.06 0.15 0.03 -2.00 0.80 0.63 0.42
2-Methylpentane 0.94 0.25 0.34 0.74 0.16 -1.56 4.38 3.80 0.47
3-Methylpentane 0.78 0.19 0.47 0.48 0.12 -1.62 3.30 2.72 0.69
2-Methyl-1 -Pentene 0.06 0.02 1.22 0.06 0.02 1.17 0.10 0.06 0.35
Hexane 0.69 0.16 0.39 0.52 0.15 -1.79 4.43 4.61 1.27
Methylcyclopentane 0.24 0.06 0.85 0.22 0.06 -1.97 1.39 1.37 1.22
2,4-Dimethylpentane 0.09 0.02 -0.15 0.06 0.02 -1.94 0.38 0.29 0.52
Benzene 0.74 0.12 -0.48 0.67 0.21 -0.98 1.36 0.91 0.49
Cyclohexane 0.17 0.11 1.52 0.08 0.08 2.13 0.21 0.13 0.10
2-Methylhexane 0.56 0.15 1.50 0.24 0.07 -1.77 1.27 0.77 0.24
2,3-Dimethylpentane 0.24 0.08 1.68 0.11 0.03 -1.32 0.87 0.57 0.36
3-Methylhexane 0.61 0.22 1.95 0.29 0.09 -1.71 1.30 0.84 0.29
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Summer P15 n=5 P16 n=5 P17 n=5
Species mean st dev skew mean st dev skew mean st dev skew
2,2,4-Trimethylpentane 0.24 0.06 -0.45 0.19 0.09 0.85 1.00 0.72 0.48
Heptane 0.35 0.12 1.73 0.23 0.04 -0.83 0.63 0.41 0.29
Methy lcyc lohexane 0.11 0.04 0.47 0.10 0.04 0.93 0.23 0.13 0.16
2,3,4-Trimethylpentane 0.09 0.02 -0.46 0.05 0.03 0.62 0.26 0.16 0.33
Toluene 8.45 3.08 1.06 3.03 0.78 1.64 9.58 5.89 0.27
2-Methylheptane 0.12 0.02 -0.04 0.10 0.01 0.60 0.19 0.11 0.16
3-Methylheptane 0.15 0.04 0.62 0.09 0.01 -1.05 0.21 0.12 0.33
Octane 0.25 0.15 1.99 0.18 0.11 1.90 0.20 0.10 0.25
Ethylbenzene 0.81 0.14 0.19 0.91 0.88 1.98 1.02 0.55 0.10
m,p-Xylene 2.35 0.49 0.46 2.83 3.05 2.01 3.06 1.90 0.17
Styrene 0.10 0.07 1.85 0.04 0.02 1.65 0.04 0.02 1.46
o-Xylene 0.71 0.14 1.33 0.88 0.87 2.02 0.80 0.43 0.16
Nonane 0.14 0.02 0.57 0.91 1.52 2.09 0.14 0.06 0.26
iso-Propylbenzene 0.03 0.01 0.58 0.05 0.05 2.01 0.04 0.02 0.09
n-Propylbenzene 0.12 0.02 0.81 0.16 0.14 1.97 0.16 0.09 0.06
3-Ethyltoluene 0.29 0.06 0.76 0.34 0.23 1.80 0.42 0.25 0.13
4-Ethyltoluene 0.14 0.03 0.54 0.18 0.12 1.91 0.19 0.12 0.03
1,2,4-Trimethylbenzene 0.45 0.10 0.69 0.75 0.66 1.94 0.62 0.39 0.19
Decane 0.90 1.24 2.18 2.02 3.31 2.07 0.17 0.05 -0.43
1,2,3-Trimethylbenzene 0.10 0.02 0.61 0.27 0.32 2.03 0.14 0.08 0.29
1,3-Diethyl benzene 0.02 0.00 0.79 0.05 0.06 2.01 0.03 0.02 0.36
1,4-Diethyl benzene 0.08 0.02 1.00 0.23 0.26 2.02 0.13 0.08 0.47
Undecane 0.41 0.35 1.77 1.43 2.17 2.07 0.19 0.06 0.41
Summer P18 n=5 P20 n=5 P21 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.36 0.80 -0.25 1.28 0.53 2.19 1.41 0.72 0.59
Acetylene 0.49 0.20 -0.62 0.59 0.08 -0.57 0.75 0.32 0.40
Ethane 4.45 2.08 -0.18 2.24 0.32 0.65 4.73 2.93 1.28
Propene 0.54 0.14 1.63 0.53 0.20 1.80 0.43 0.16 -0.68
n-Propane 4.30 0.68 0.23 3.39 0.65 0.16 3.88 1.53 0.31
Iso butane 1.16 0.23 0.57 1.14 0.36 0.89 1.22 0.48 -0.76
1-Butene 0.28 0.07 1.59 0.27 0.06 -0.48 0.26 0.13 -0.08
n-Butane 4.54 1.11 0.36 2.29 0.73 1.66 3.47 1.50 -0.72
t-2-Butene 0.06 0.02 0.67 0.05 0.02 0.25 0.07 0.04 0.96
c-2-Butene 0.05 0.01 0.76 0.04 0.02 0.39 0.06 0.03 0.59
Isopentane 5.20 1.87 0.54 3.19 0.80 0.30 4.81 2.76 -0.70
1-Pentene 0.06 0.02 1.00 0.07 0.02 0.53 0.06 0.03 -0.47
n-Pentane 3.25 1.32 0.44 2.01 0.51 -0.14 2.75 1.51 -0.41
Isoprene 0.39 0.15 0.57 0.45 0.16 0.38 0.64 0.29 -1.13
t-2-Pentene 0.07 0.03 1.10 0.07 0.04 0.47 0.08 0.04 -0.21
c-2-Pentene 0.03 0.01 1.03 0.03 0.02 0.45 0.04 0.02 0.32
2,2-dimethylbutane 0.10 0.02 0.68 0.12 0.03 -0.43 0.12 0.07 -0.12
Cyclopentane 0.26 0.08 0.42 0.21 0.06 -0.04 0.24 0.15 0.38
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Summer P18 n=5 P20 n=5 P21 n=5
Species mean st dev skew mean st dev skew mean st dev skew
2,3-Dimethylbutane 0.22 0.05 0.72 0.20 0.06 0.17 0.21 0.12 -0.32
2-Methylpentane 1.06 0.35 0.53 0.85 0.21 0.13 0.91 0.58 -0.51
3-Methylpentane 0.93 0.24 0.48 0.55 0.11 -0.30 0.80 0.50 -0.16
2-Methyl-1 -Pentene 0.05 0.03 0.16 0.05 0.02 1.03 0.05 0.03 -0.25
Hexane 0.97 0.29 -0.37 0.60 0.11 -0.37 0.98 0.79 0.51
Methylcyclopentane 0.32 0.07 -0.48 0.26 0.05 -0.18 0.35 0.23 -0.23
2,4-Dimethylpentane 0.11 0.02 0.48 0.09 0.02 -0.16 0.09 0.05 -0.72
Benzene 0.75 0.12 -0.58 0.84 0.08 0.33 0.81 0.39 -0.69
Cyclohexane 0.14 0.05 0.28 0.15 0.14 2.19 0.07 0.03 -0.52
2-Methylhexane 0.53 0.11 0.51 0.27 0.05 -0.33 0.44 0.26 0.52
2,3-Dimethylpentane 0.23 0.05 0.61 0.15 0.03 -0.10 0.21 0.12 0.18
3-Methylhexane 0.57 0.10 -0.39 0.33 0.07 -0.13 0.50 0.35 0.88
2,2,4-Trimethylpentane 0.35 0.04 -1.00 0.32 0.08 -1.24 0.29 0.16 -0.66
Heptane 0.33 0.07 0.20 0.25 0.06 0.59 0.31 0.20 0.08
Methylcyclohexane 0.13 0.04 1.19 0.10 0.02 -0.46 0.14 0.08 -0.29
2,3,4-Trimethylpentane 0.13 0.01 -1.59 0.09 0.02 -1.07 0.10 0.05 -0.30
Toluene 7.45 4.52 1.37 3.24 0.72 0.66 7.98 6.96 0.70
2-Methylheptane 0.13 0.05 0.80 0.09 0.01 0.92 0.12 0.08 0.61
3-Methylheptane 0.17 0.06 0.45 0.08 0.01 0.92 0.12 0.07 0.56
Octane 0.24 0.11 0.65 0.12 0.02 0.05 0.18 0.14 1.44
Ethylbenzene 0.70 0.21 0.55 0.45 0.09 0.36 0.60 0.27 0.41
m,p-Xylene 1.85 0.71 0.54 1.13 0.32 0.46 1.61 0.91 0.41
Styrene 0.05 0.01 1.05 0.05 0.03 1.22 0.10 0.10 1.96
o-Xylene 0.58 0.20 0.57 0.38 0.09 0.49 0.49 0.25 0.40
Nonane 0.13 0.04 0.57 0.09 0.02 1.25 0.12 0.07 0.84
iso-Propylbenzene 0.03 0.01 0.59 0.02 0.01 0.14 0.03 0.01 -0.68
n-Propylbenzene 0.12 0.03 0.46 0.09 0.02 -0.25 0.11 0.05 -0.70
3-Ethyltoluene 0.31 0.07 0.54 0.23 0.06 -0.09 0.28 0.12 -0.67
4-Ethyltoluene 0.14 0.04 0.60 0.12 0.03 -0.48 0.13 0.07 -0.55
1,3,5-Trimethylbenzene 0.14 0.03 0.53 0.11 0.03 0.05 0.14 0.06 -0.59
2-Ethyltoluene 0.13 0.03 0.58 0.10 0.03 -0.09 0.12 0.05 -0.64
1,2,4-Trimethylbenzene 0.45 0.13 0.51 0.42 0.12 0.13 0.45 0.22 -0.42
Decane 0.33 0.34 2.00 0.17 0.08 1.44 0.18 0.09 0.33
1,2,3-Trimethylbenzene 0.10 0.03 0.58 0.09 0.03 0.38 0.10 0.04 -0.65
1,3-Diethyl benzene 0.02 0.00 0.70 0.02 0.00 0.29 0.02 0.01 -0.62
1,4-Diethyl benzene 0.08 0.02 0.52 0.09 0.02 0.40 0.09 0.04 -0.66
Undecane 0.18 0.05 0.39 0.19 0.06 0.57 0.18 0.08 -0.33
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Summer P22 n=5 P23 n=5 P25 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.49 0.79 0.44 1.32 0.40 1.18 1.80 0.69 0.35
Acetylene 0.75 0.34 0.78 0.63 0.09 -1.31 0.95 0.37 0.56
Ethane 3.64 1.47 1.28 2.26 0.26 0.01 4.31 2.40 1.00
Propene 0.61 0.35 0.40 0.56 0.17 2.02 0.61 0.20 1.39
n-Propane 4.74 2.60 1.28 3.97 0.20 -0.18 4.96 2.52 0.90
Iso butane 1.33 0.61 -0.54 1.14 0.39 0.49 1.45 0.66 0.42
1-Butene 0.31 0.16 0.62 0.28 0.04 0.34 0.33 0.09 0.58
n-Butane 2.86 1.26 0.01 2.66 0.70 0.96 3.27 1.82 1.23
t-2-Butene 0.07 0.05 0.99 0.08 0.03 0.43 0.07 0.02 0.58
c-2-Butene 0.06 0.05 0.98 0.06 0.02 0.27 0.07 0.03 0.66
Isopentane 4.20 2.70 0.44 4.18 1.08 0.35 5.84 4.55 1.60
1-Pentene 0.06 0.04 0.28 0.09 0.02 -0.41 0.09 0.03 2.00
n-Pentane 2.90 1.91 0.60 2.92 0.60 0.15 3.10 2.05 1.31
Isoprene 0.41 0.12 0.24 0.56 0.27 0.39 0.65 0.26 1.51
t-2-Pentene 0.10 0.09 0.79 0.25 0.10 0.48 0.16 0.09 1.05
c-2-Pentene 0.05 0.04 0.72 0.10 0.04 0.52 0.07 0.04 1.13
2,2-dimethylbutane 0.14 0.09 0.25 0.16 0.04 0.44 0.15 0.07 0.36
Cyclopentane 0.30 0.22 0.67 0.29 0.06 0.10 0.22 0.10 1.44
2,3-Dimethylbutane 0.25 0.18 0.52 0.26 0.06 0.70 0.27 0.15 0.96
2-Methylpentane 1.26 0.91 0.60 1.30 0.33 0.40 1.24 0.83 1.04
3-Methylpentane 0.91 0.60 0.64 0.87 0.20 0.27 1.06 0.68 1.33
2-Methyl-1 -Pentene 0.06 0.04 0.39 0.09 0.02 0.33 0.08 0.02 0.74
Hexane 1.19 0.83 1.02 0.94 0.22 0.10 1.25 1.00 1.56
Methylcyclopentane 0.44 0.30 0.71 0.39 0.10 0.59 0.48 0.31 1.27
2,4-Dimethylpentane 0.12 0.08 0.51 0.10 0.02 0.12 0.13 0.07 0.66
Benzene 0.96 0.54 0.31 0.86 0.07 -0.57 1.31 0.67 1.05
Cyclohexane 0.12 0.09 1.09 0.13 0.10 2.00 0.12 0.06 1.06
2-Methylhexane 0.43 0.27 0.47 0.36 0.05 1.17 0.68 0.43 0.74
2,3 -Dimethy lpentane 0.22 0.14 0.47 0.16 0.02 0.54 0.30 0.18 0.76
3-Methylhexane 0.54 0.33 0.43 0.42 0.05 1.33 0.75 0.58 1.31
2,2,4-Trimethylpentane 0.39 0.26 0.40 0.26 0.05 -0.27 0.36 0.18 0.41
Heptane 0.44 0.23 0.25 0.29 0.04 1.67 0.44 0.31 1.32
Methylcyclohexane 0.23 0.13 -0.30 0.10 0.02 0.29 0.16 0.10 0.59
2,3,4-T rimethylpentane 0.12 0.08 0.42 0.07 0.02 0.19 0.13 0.06 0.52
Toluene 6.42 4.15 0.65 4.06 0.34 -0.26 7.57 4.42 0.36
2-Methylheptane 0.14 0.08 0.62 0.11 0.02 0.76 0.15 0.06 0.60
3 -Methy lheptane 0.14 0.09 0.52 0.10 0.01 0.44 0.16 0.07 0.55
Octane 0.21 0.13 0.69 0.15 0.06 1.51 0.20 0.07 0.11
Ethylbenzene 0.75 0.51 0.56 0.53 0.06 -0.35 0.87 0.35 0.29
m,p-Xylene 2.00 1.51 0.52 1.43 0.17 0.46 2.46 1.20 0.44
Styrene 0.09 0.10 1.65 0.05 0.01 0.24 0.07 0.02 0.77
o-Xylene 0.61 0.45 0.60 0.49 0.05 0.65 0.74 0.33 0.45
Nonane 0.16 0.10 0.54 0.11 0.03 0.62 0.18 0.07 0.65
iso-Propylbenzene 0.03 0.02 0.47 0.03 0.00 0.47 0.05 0.01 0.05
156
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Summer P22 n=5 P23 n=5 P25 n=5
Species mean st dev skew mean st dev skew mean st dev skew
n-Propylbenzene 0.12 0.08 0.43 0.10 0.01 -0.29 0.17 0.05 0.18
3-Ethyltoluene 0.33 0.23 0.42 0.24 0.03 -0.40 0.42 0.13 0.44
4-Ethyltoluene 0.16 0.12 0.44 0.13 0.02 -1.15 0.20 0.05 0.60
1,3,5-Trimethylbenzene 0.15 0.11 0.44 0.11 0.01 -0.37 0.20 0.06 0.49
2-Ethyltoluene 0.14 0.09 0.44 0.10 0.01 -0.44 0.17 0.05 0.49
1,2,4-Trimethylbenzene 0.57 0.40 0.44 0.43 0.05 -0.41 0.66 0.22 0.61
Decane 0.25 0.16 0.38 0.14 0.03 0.14 0.25 0.12 0.47
1,2,3-Trimethylbenzene 0.13 0.09 0.50 0.10 0.01 0.00 0.16 0.05 0.45
1,3-Diethyl benzene 0.03 0.02 0.67 0.02 0.00 0.26 0.04 0.01 -0.76
1,4-Diethyl benzene 0.12 0.07 0.67 0.09 0.01 -0.65 0.15 0.04 -0.14
Undecane 0.29 0.18 0.48 0.17 0.04 0.30 0.23 0.10 0.88
Summer P26 n=5 P27 n=5 P28 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 0.98 0.49 -0.27 1.06 0.74 0.23 1.86 0.89 0.21
Acetylene 0.43 0.18 -0.70 0.38 0.19 -0.34 0.97 0.42 0.17
Ethane 1.88 0.63 -1.35 2.61 1.64 -0.42 4.67 2.62 1.72
Propene 0.54 0.09 -0.90 0.39 0.16 0.98 0.98 0.73 1.39
n-Propane 3.69 1.82 1.87 3.43 0.81 -1.25 5.22 2.18 0.24
Iso butane 0.85 0.33 -0.01 1.86 1.58 2.08 1.50 0.69 -0.39
1-Butene 0.30 0.06 -0.85 0.27 0.04 0.34 0.38 0.13 -0.18
n-Butane 2.18 1.09 1.05 3.42 1.11 1.81 2.94 1.23 0.13
t-2-Butene 0.07 0.02 -0.41 0.10 0.05 1.00 0.09 0.05 0.41
c-2-Butene 0.06 0.02 -0.13 0.07 0.03 1.01 0.08 0.04 0.46
Isopentane 3.01 1.31 0.47 3.80 1.71 2.08 4.67 2.50 0.31
1-Pentene 0.06 0.02 1.07 0.06 0.01 -0.07 0.10 0.04 -0.44
n-Pentane 2.36 1.23 0.73 2.22 1.13 2.18 3.16 1.59 0.32
Isoprene 0.19 0.04 -0.27 2.03 1.55 0.67 0.36 0.10 1.26
t-2-Pentene 0.09 0.03 0.41 0.19 0.11 1.95 0.15 0.10 0.47
c-2-Pentene 0.04 0.01 0.32 0.07 0.04 1.94 0.07 0.05 0.55
2,2-dimethylbutane 0.11 0.03 -0.49 0.09 0.03 2.01 0.17 0.11 0.33
Cyclopentane 0.22 0.12 1.08 0.17 0.07 1.98 0.29 0.16 0.33
2,3-Dimethylbutane 0.17 0.06 0.70 0.16 0.06 2.07 0.28 0.18 0.40
2-Methylpentane 0.97 0.45 0.69 0.72 0.39 2.19 1.32 0.83 0.31
3-Methylpentane 0.66 0.25 0.32 0.63 0.26 2.16 0.89 0.52 0.20
2-Methyl-1 -Pentene 0.06 0.02 0.09 0.05 0.01 0.58 0.09 0.03 -0.45
Hexane 0.67 0.26 -0.15 0.58 0.21 1.68 0.93 0.52 0.05
Methylcyclopentane 0.26 0.09 -0.03 0.23 0.10 1.93 0.40 0.24 0.15
2,4-Dimethylpentane 0.08 0.02 0.58 0.06 0.03 1.95 0.13 0.08 0.26
Benzene 0.77 0.16 -0.88 0.57 0.16 -0.32 1.20 0.62 0.30
Cyclohexane 0.09 0.04 0.18 0.11 0.04 0.00 0.11 0.06 0.23
2-Methylhexane 0.42 0.14 -0.45 0.36 0.17 1.98 0.50 0.31 0.23
2,3-Dimethylpentane 0.20 0.06 -0.19 0.15 0.07 1.95 0.25 0.15 0.21
3-Methylhexane 0.50 0.16 -0.42 0.40 0.18 1.98 0.62 0.40 0.28
Summer P26 n=5 P27 n=5 P28 n=5
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Species mean st dev skew mean st dev skew mean st dev skew
2,2,4-Trimethylpentane 0.26 0.05 -1.01 0.20 0.04 -1.32 0.43 0.31 0.49
Heptane 0.33 0.11 0.25 0.21 0.09 1.63 0.46 0.31 0.38
Methylcyclohexane 0.12 0.04 1.19 0.10 0.06 2.01 0.16 0.10 0.22
2,3,4-Trimethylpentane 0.08 0.02 0.94 0.07 0.02 -0.56 0.14 0.11 0.56
Toluene 4.53 1.93 1.38 4.45 2.44 2.12 6.99 4.06 -0.13
2-Methylheptane 0.12 0.04 -0.33 0.09 0.05 2.04 0.17 0.09 -0.39
3-Methylheptane 0.13 0.05 1.23 0.10 0.06 2.11 0.17 0.10 -0.32
Octane 0.15 0.05 0.30 0.16 0.12 2.15 0.25 0.14 -0.48
Ethylbenzene 0.66 0.30 1.09 0.49 0.26 2.02 0.84 0.49 0.10
m,p-Xylene 1.84 0.82 1.35 1.36 0.91 2.10 2.40 1.45 0.09
Styrene 0.09 0.03 0.38 0.05 0.01 0.47 0.08 0.05 0.53
o-Xylene 0.60 0.26 1.32 0.45 0.26 2.08 0.77 0.46 0.12
Nonane 0.12 0.03 1.67 0.12 0.07 2.04 0.20 0.11 0.12
iso-Propylbenzene 0.04 0.01 -0.19 0.03 0.01 1.96 0.04 0.02 0.20
n-Propylbenzene 0.13 0.04 0.16 0.09 0.04 2.08 0.15 0.09 0.05
3-Ethyltoluene 0.35 0.10 0.24 0.22 0.11 1.72 0.43 0.25 0.01
4-Ethyltoluene 0.18 0.05 0.13 0.10 0.05 1.86 0.21 0.12 0.07
1,3,5-Trimethylbenzene 0.17 0.05 0.40 0.11 0.06 1.68 0.21 0.12 0.05
2-Ethyltoluene 0.15 0.04 0.01 0.10 0.05 1.72 0.17 0.09 0.02
1,2,4-Trimethylbenzene 0.66 0.20 -0.62 0.39 0.21 1.77 0.73 0.42 0.07
Decane 0.20 0.05 0.97 0.30 0.37 2.18 0.29 0.20 0.95
1,2,3-Trimethylbenzene 0.14 0.03 -0.43 0.09 0.04 1.90 0.16 0.08 0.05
1,3-Diethyl benzene 0.03 0.00 -0.18 0.02 0.01 1.34 0.03 0.02 0.00
1,4-Diethyl benzene 0.11 0.02 0.25 0.08 0.02 1.88 0.15 0.06 -0.30
Undecane 0.19 0.02 1.90 0.32 0.28 1.64 0.29 0.18 0.65
Summer P29 n=5 P30 n=5 P31 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 0.87 0.39 -0.99 1.24 0.17 -0.93 2.01 1.42 -0.18
Acetylene 0.46 0.17 -1.23 0.58 0.17 0.77 0.88 0.61 -0.05
Ethane 3.43 3.76 2.11 3.35 0.65 1.23 3.39 2.73 1.72
Propene 0.39 0.11 1.12 0.46 0.13 -0.41 0.54 0.34 1.18
n-Propane 4.37 2.66 0.82 2.83 0.52 -1.13 2.77 1.12 0.62
Iso butane 0.78 0.24 0.39 1.04 0.58 0.73 0.89 0.46 0.59
1-Butene 0.24 0.03 0.96 0.22 0.05 0.30 0.29 0.14 1.26
n-Butane 1.96 0.50 0.40 2.62 0.99 -0.38 3.30 1.65 1.14
t-2-Butene 0.07 0.03 -0.06 0.05 0.02 0.41 0.08 0.05 1.61
c-2-Butene 0.06 0.02 -0.18 0.05 0.02 0.26 0.07 0.04 1.57
Isopentane 2.78 0.65 0.04 3.87 2.19 1.22 4.25 2.95 1.38
1-Pentene 0.06 0.01 -0.41 0.05 0.02 -0.11 0.06 0.03 1.06
n-Pentane 1.90 0.50 0.05 2.58 1.45 1.44 2.41 1.65 1.43
Isoprene 0.24 0.06 -0.28 1.49 1.19 1.20 1.09 0.39 0.44
t-2-Pentene 0.12 0.04 -0.19 0.10 0.04 0.06 0.16 0.11 1.66
c-2-Pentene 0.05 0.02 -0.35 0.04 0.01 0.36 0.06 0.04 1.65
2,2-dimethylbutane 0.09 0.01 -0.39 0.08 0.03 1.26 0.12 0.07 1.45
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Summer P29 n=5 P30 n=5 P31 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Cyclopentane 0.16 0.05 -0.06 0.17 0.08 0.94 0.20 0.13 1.10
2,3-Dimethylbutane 0.14 0.02 0.72 0.14 0.05 0.94 0.20 0.13 1.47
2-Methylpentane 0.72 0.13 0.47 0.57 0.26 0.94 0.97 0.71 1.37
3-Methylpentane 0.50 0.09 -0.45 0.53 0.20 0.74 0.73 0.46 1.24
2-Methyl-1 -Pentene 0.05 0.01 0.38 0.04 0.02 -0.66 0.05 0.04 0.39
Hexane 0.52 0.10 -0.40 0.53 0.26 0.51 0.72 0.41 0.52
Methylcyclopentane 0.21 0.04 0.19 0.20 0.08 0.47 0.30 0.18 0.91
2,4-Dimethylpentane 0.06 0.01 0.11 0.05 0.02 1.00 0.10 0.07 1.57
Benzene 0.58 0.06 -0.81 0.66 0.16 -0.14 0.87 0.51 1.35
Cyclohexane 0.08 0.04 0.49 0.08 0.04 -0.06 0.16 0.14 0.68
2-Methylhexane 0.29 0.05 1.34 0.30 0.09 0.81 0.44 0.28 1.64
2,3-Dimethylpentane 0.13 0.02 0.77 0.14 0.04 0.83 0.21 0.14 1.61
3-Methylhexane 0.35 0.06 1.16 0.31 0.09 0.67 0.47 0.29 1.57
2,2,4-Trimethylpentane 0.20 0.05 0.47 0.20 0.09 0.37 0.42 0.28 1.36
Heptane 0.23 0.03 0.64 0.17 0.05 0.58 0.26 0.15 1.52
Methylcyclohexane 0.09 0.01 0.87 0.08 0.03 0.17 0.11 0.06 1.37
2,3,4-Trimethylpentane 0.06 0.02 0.03 0.07 0.03 0.01 0.15 0.10 1.37
Toluene 4.78 2.93 1.40 4.35 1.82 -0.22 6.14 3.68 0.97
2-Methylheptane 0.09 0.02 1.85 0.07 0.02 0.56 0.11 0.06 1.52
3-Methylheptane 0.09 0.02 1.00 0.08 0.02 0.45 0.37 0.53 2.14
Octane 0.14 0.06 1.70 0.09 0.03 0.65 0.88 1.58 2.23
Ethylbenzene 0.57 0.26 2.08 0.48 0.20 0.65 0.69 0.41 1.58
m,p-Xylene 1.58 0.72 2.06 1.15 0.51 0.53 2.09 1.37 1.66
Styrene 0.04 0.01 -1.66 0.04 0.01 -0.10 0.06 0.03 0.73
o-Xylene 0.49 0.18 1.91 0.36 0.12 0.56 0.61 0.38 1.53
Nonane 0.11 0.05 2.19 0.06 0.01 0.65 0.21 0.12 0.16
iso-Propylbenzene 0.03 0.01 0.92 0.02 0.00 0.22 0.04 0.02 0.91
n-Propylbenzene 0.11 0.04 1.64 0.07 0.02 0.94 0.15 0.08 1.09
3-Ethyltoluene 0.31 0.14 1.47 0.17 0.04 0.94 0.41 0.23 1.25
4-Ethyltoluene 0.16 0.07 1.46 0.08 0.02 0.98 0.20 0.10 1.15
1,3,5-Trimethylbenzene 0.16 0.07 1.30 0.08 0.02 0.76 0.20 0.11 0.90
2-Ethyltoluene 0.13 0.05 1.13 0.07 0.02 0.72 0.18 0.09 1.02
1,2,4-Trimethylbenzene 0.56 0.21 0.70 0.27 0.06 0.49 0.71 0.40 1.15
Decane 0.18 0.09 1.49 0.07 0.01 -0.86 1.20 1.64 2.21
1,2,3-Trimethylbenzene 0.12 0.04 0.70 0.06 0.01 0.39 0.15 0.08 0.77
1,3-Diethyl benzene 0.02 0.00 -0.40 0.01 0.00 1.52 0.03 0.02 0.78
1,4-Diethyl benzene 0.09 0.02 0.11 0.05 0.01 0.57 0.11 0.06 0.83
Undecane 0.20 0.07 0.55 0.10 0.02 -0.55 0.38 0.22 0.09
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Summer P32 n=5 P33 n=5 P34 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.32 0.57 2.09 2.41 1.67 -0.35 1.99 1.44 0.41
Acetylene 0.66 0.16 0.20 1.08 0.66 0.05 0.77 0.54 1.32
Ethane 4.18 3.01 2.00 4.45 3.44 1.23 4.15 2.02 -0.37
Propene 0.48 0.21 1.66 0.65 0.37 1.08 0.63 0.38 1.18
n-Propane 7.16 7.08 2.08 3.60 2.08 1.25 3.73 1.93 0.99
Iso butane 2.13 1.18 0.95 1.06 0.53 0.47 1.31 0.88 0.48
1-Butene 0.29 0.10 1.37 0.32 0.14 0.71 0.30 0.15 1.56
n-Butane 7.40 8.77 2.22 3.21 1.86 1.48 3.17 1.73 0.75
t-2-Butene 0.13 0.11 1.72 0.07 0.04 2.03 0.12 0.07 0.71
c-2-Butene 0.10 0.07 1.67 0.06 0.03 1.86 0.09 0.05 0.92
Isopentane 5.57 3.90 2.16 4.35 2.87 1.62 4.85 3.12 0.97
1-Pentene 0.09 0.04 1.81 0.06 0.03 1.23 0.08 0.03 1.47
n-Pentane 3.31 2.22 1.96 2.36 1.42 1.51 2.74 1.74 0.79
Isoprene 0.43 0.27 2.10 0.23 0.07 1.98 0.37 0.16 0.50
t-2-Pentene 0.28 0.30 1.75 0.11 0.08 2.09 0.27 0.18 0.58
c-2-Pentene 0.11 0.11 1.70 0.05 0.03 2.01 0.10 0.06 0.66
2,2-dimethylbutane 0.13 0.08 2.14 0.12 0.07 1.76 0.12 0.07 1.42
Cyclopentane 0.25 0.16 1.81 0.20 0.12 1.23 0.20 0.12 0.75
2,3 -Dimethy lbutane 0.27 0.19 2.05 0.21 0.14 1.67 0.22 0.14 1.42
2-Methylpentane 1.36 1.24 2.08 1.04 0.76 1.47 1.16 0.82 1.16
3-Methylpentane 1.14 0.87 2.08 0.87 0.54 1.36 0.94 0.58 0.83
2-Methyl-1 -Pentene 0.08 0.05 1.47 0.06 0.04 0.32 0.08 0.05 0.75
Hexane 1.23 1.11 2.13 1.21 0.81 0.69 1.08 0.73 0.21
Methylcyclopentane 0.51 0.45 2.10 0.40 0.26 1.16 0.44 0.28 0.20
2,4-Dimethylpentane 0.14 0.10 1.86 0.12 0.08 1.77 0.11 0.07 1.59
Benzene 1.07 0.65 2.16 0.95 0.58 1.64 1.07 0.63 1.03
Cyclohexane 0.12 0.08 1.64 0.18 0.14 0.47 0.17 0.14 0.60
2-Methylhexane 0.71 0.51 1.76 0.70 0.41 0.96 0.52 0.31 1.48
2,3-Dimethylpentane 0.29 0.19 1.62 0.33 0.16 0.58 0.23 0.15 1.70
3-Methylhexane 0.70 0.49 1.75 0.96 0.86 1.85 0.55 0.35 1.64
2,2,4-Trimethylpentane 0.34 0.22 1.48 0.47 0.33 1.93 0.38 0.28 1.65
Heptane 0.40 0.30 1.55 0.87 1.13 2.17 0.35 0.25 1.15
Methylcyclohexane 0.16 0.11 0.89 0.16 0.06 0.62 0.15 0.11 1.19
2,3,4-Trimethylpentane 0.13 0.08 1.37 0.16 0.12 1.90 0.14 0.10 1.74
Toluene 7.24 5.68 1.74 6.93 3.49 1.84 10.71 9.30 1.19
2-Methylheptane 0.15 0.10 1.56 0.13 0.07 1.74 0.15 0.11 1.71
3-Methylheptane 0.16 0.12 1.54 0.43 0.64 2.16 0.28 0.27 1.52
Octane 0.19 0.12 1.00 1.15 2.12 2.23 0.54 0.73 1.98
Ethylbenzene 0.76 0.52 1.80 0.71 0.37 1.76 0.76 0.43 1.17
m,p-Xylene 2.26 1.82 1.84 2.04 1.20 1.79 2.34 1.45 1.14
Styrene 0.06 0.03 1.92 0.06 0.03 1.10 0.10 0.08 1.07
o-Xylene 0.68 0.51 1.81 0.59 0.34 1.79 0.71 0.42 1.15
Nonane 0.16 0.11 1.49 0.15 0.06 0.15 0.14 0.07 0.88
iso-Propylbenzene 0.04 0.02 1.68 0.03 0.02 1.57 0.04 0.02 1.02
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Summer P32 n=5 P33 n=5 P34 n=5
Species mean st dev skew mean st dev skew mean st dev skew
n-Propylbenzene 0.15 0.10 1.65 0.14 0.06 1.52 0.15 0.08 1.17
3-Ethyltoluene 0.37 0.28 1.70 0.36 0.19 1.59 0.39 0.22 1.15
4-Ethyltoluene 0.17 0.13 1.81 0.18 0.08 1.47 0.19 0.11 1.17
1,3,5-Trimethylbenzene 0.18 0.12 1.53 0.17 0.09 1.58 0.18 0.10 1.05
2-Ethyltoluene 0.15 0.10 1.65 0.15 0.07 1.39 0.16 0.08 1.02
1,2,4-Trimethylbenzene 0.61 0.45 1.70 0.59 0.30 1.44 0.71 0.39 0.86
Decane 0.21 0.12 1.73 1.93 3.56 2.23 0.65 1.08 2.22
1,2,3-Trimethylbenzene 0.13 0.08 1.63 0.12 0.06 1.51 0.15 0.08 0.99
1,3-Diethyl benzene 0.02 0.01 1.58 0.03 0.01 1.60 0.03 0.02 1.24
1,4-Diethyl benzene 0.10 0.05 1.66 0.09 0.05 1.61 0.11 0.06 1.15
Undecane 0.23 0.11 1.19 0.20 0.07 0.47 0.23 0.10 0.42
Summer P35 n=5 P36 n=5 P37 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 2.32 1.65 0.60 1.30 0.80 0.46 1.18 0.70 -0.07
Acetylene 1.43 1.97 2.22 0.49 0.26 -0.08 0.44 0.21 -0.54
Ethane 2.54 0.63 0.59 3.46 1.71 -0.56 3.38 1.70 -0.60
Propene 0.59 0.34 0.95 0.46 0.12 0.26 0.46 0.11 -0.15
n-Propane 3.23 0.78 -0.77 3.73 1.50 0.41 3.52 0.63 0.34
Iso butane 0.70 0.23 -0.07 0.97 0.33 0.88 0.93 0.24 1.74
1-Butene 0.28 0.13 0.08 0.31 0.05 0.93 0.22 0.04 -1.32
n-Butane 2.15 0.68 0.02 3.08 0.46 -0.19 3.14 0.78 1.25
t-2-Butene 0.05 0.03 0.47 0.04 0.01 0.61 0.05 0.01 0.60
c-2-Butene 0.04 0.02 0.37 0.04 0.01 -1.08 0.05 0.01 0.38
Isopentane 2.10 1.17 0.61 4.03 0.77 1.66 3.60 1.07 0.47
1-Pentene 0.05 0.03 1.37 0.05 0.01 -0.29 0.05 0.01 0.14
n-Pentane 1.14 0.57 0.16 2.28 0.32 0.68 2.16 0.77 0.52
Isoprene 0.30 0.14 -0.40 0.30 0.09 -1.22 0.41 0.14 0.18
t-2-Pentene 0.04 0.02 0.04 0.06 0.02 1.21 0.08 0.03 0.59
c-2-Pentene 0.02 0.01 -0.25 0.03 0.01 0.56 0.03 0.01 0.67
2,2-dimethylbutane 0.06 0.02 -1.37 0.10 0.02 1.55 0.08 0.01 0.12
Cyclopentane 0.14 0.10 1.57 0.18 0.02 0.79 0.18 0.05 0.62
2,3-Dimethylbutane 0.15 0.08 -0.10 0.17 0.03 1.84 0.15 0.03 0.30
2-Methylpentane 0.58 0.36 0.08 0.71 0.14 1.46 0.67 0.20 0.55
3-Methylpentane 0.52 0.29 -0.25 0.62 0.12 1.49 0.62 0.16 0.14
2-Methyl-1 -Pentene 0.05 0.03 1.25 0.04 0.01 -0.89 0.04 0.01 -0.41
Hexane 0.39 0.23 0.53 0.53 0.15 1.14 0.61 0.21 -0.29
Methylcyclopentane 0.20 0.16 1.74 0.21 0.05 0.77 0.22 0.05 -0.50
2,4-Dimethylpentane 0.07 0.05 1.66 0.08 0.02 0.96 0.07 0.01 0.00
Benzene 0.69 0.38 1.64 0.68 0.17 0.65 0.67 0.11 -0.59
Cyclohexane 0.11 0.07 1.15 0.13 0.09 0.93 0.11 0.04 -0.04
2-Methylhexane 0.69 0.82 2.03 0.38 0.08 0.53 0.34 0.08 0.76
2,3 -D imethy lpentane 0.30 0.26 1.02 0.17 0.03 -0.13 0.15 0.03 0.85
3-Methylhexane 0.81 1.04 2.09 0.41 0.10 0.71 0.34 0.07 1.00
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Summer P35 n=5 P36 n=5 P37 n=5
Species mean st dev skew mean st dev skew mean st dev skew
2,2,4-Trimethylpentane 0.38 0.29 1.20 0.29 0.09 0.13 0.22 0.03 -0.68
Heptane 0.49 0.64 2.09 0.22 0.05 0.52 0.20 0.05 0.24
Methylcyclohexane 0.16 0.10 -0.48 0.09 0.02 0.54 0.10 0.03 0.83
2,3,4-Trimethylpentane 0.12 0.09 1.14 0.11 0.03 -0.15 0.08 0.01 -0.60
Toluene 3.92 2.40 -0.01 3.91 1.01 0.68 5.70 2.76 0.57
2-Methylheptane 0.11 0.08 1.19 0.09 0.01 -0.51 0.10 0.03 0.38
3-Methylheptane 0.10 0.05 -0.66 0.10 0.02 0.30 0.12 0.05 0.94
Octane 0.16 0.11 1.34 0.13 0.04 1.14 0.18 0.12 1.25
Ethylbenzene 0.66 0.43 0.18 0.51 0.12 0.00 0.51 0.13 0.79
m,p-Xylene 1.61 1.31 1.01 1.36 0.36 0.29 1.33 0.43 0.82
Styrene 0.13 0.18 2.10 0.06 0.02 0.67 0.04 0.01 -0.12
o-Xylene 0.59 0.41 0.38 0.45 0.11 0.31 0.44 0.12 0.84
Nonane 0.09 0.05 0.84 0.09 0.02 -0.17 0.12 0.04 1.01
iso-Propylbenzene 0.16 0.24 1.96 0.03 0.01 0.36 0.03 0.01 1.01
n-Propylbenzene 1.78 3.02 2.01 0.09 0.01 -0.20 0.09 0.02 0.95
3-Ethyltoluene 7.47 12.12 1.83 0.22 0.04 -0.33 0.21 0.04 0.88
4-Ethyltoluene 3.53 5.92 1.92 0.10 0.02 -0.22 0.10 0.02 1.37
1,3,5-Trimethylbenzene 4.12 6.32 1.62 0.11 0.02 0.05 0.10 0.02 1.01
2-Ethyltoluene 2.42 3.76 1.71 0.10 0.02 -0.91 0.09 0.02 1.33
1,2,4-Trimethylbenzene 10.31 15.10 1.42 0.38 0.08 0.11 0.34 0.08 1.27
Decane 0.14 0.07 0.07 0.20 0.16 2.06 0.43 0.50 2.18
1,2,3-Trimethylbenzene 1.87 2.55 1.11 0.09 0.02 0.10 0.08 0.02 1.29
1,3-Diethyl benzene 0.09 0.10 0.95 0.02 0.00 -1.35 0.02 0.00 1.02
1,4-Diethyl benzene 0.20 0.19 0.74 0.08 0.02 0.24 0.07 0.01 0.70
Undecane 0.11 0.04 -1.87 0.18 0.04 -0.37 0.29 0.21 1.41
Summer P38 n=5 P39 n=5 P40 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 2.10 1.55 0.39 0.85 0.52 0.13 1.03 0.42 1.98
Acetylene 0.92 0.63 0.55 0.33 0.12 -0.67 0.50 0.06 0.61
Ethane 4.62 3.19 0.93 4.34 2.16 -0.03 2.17 0.55 1.64
Propene 0.62 0.35 0.79 0.37 0.15 1.28 0.44 0.18 2.14
n-Propane 3.20 1.40 0.37 4.34 0.82 0.11 2.99 0.46 0.84
Iso butane 1.34 0.71 -0.06 2.94 4.76 2.22 0.92 0.23 0.75
1-Butene 0.33 0.15 0.67 0.20 0.04 -0.51 0.23 0.05 0.16
n-Butane 3.85 1.83 0.01 2.66 0.63 -0.47 1.78 0.46 2.12
t-2-Butene 0.10 0.05 0.63 0.06 0.01 -1.53 0.03 0.01 0.55
c-2-Butene 0.08 0.04 0.97 0.05 0.01 -1.01 0.03 0.01 -0.06
Isopentane 6.13 3.58 1.11 3.30 0.97 -0.86 2.30 0.33 -0.14
1-Pentene 0.07 0.04 1.10 0.06 0.01 1.66 0.06 0.01 -0.62
n-Pentane 3.29 1.79 1.01 2.10 0.52 -1.67 1.49 0.21 0.50
Isoprene 0.20 0.06 1.80 1.14 0.37 -1.26 0.76 0.41 -0.19
t-2-Pentene 0.19 0.12 1.43 0.18 0.05 -0.63 0.04 0.01 0.29
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Summer P38 n=5 P39 n=5 P40 n=5
Species mean st dev skew mean st dev skew mean st dev skew
c-2-Pentene 0.08 0.05 1.52 0.07 0.02 0.04 0.02 0.01 0.18
2,2-dimethylbutane 0.14 0.08 1.42 0.08 0.03 -0.13 0.10 0.01 -1.33
Cyclopentane 0.26 0.14 0.89 0.16 0.04 -1.09 0.15 0.02 0.37
2,3-Dimethylbutane 0.26 0.16 1.42 0.16 0.06 0.22 0.14 0.02 -1.69
2-Methylpentane 1.34 0.91 1.09 0.74 0.32 0.22 0.63 0.09 -0.83
3-Methylpentane 0.95 0.56 1.10 0.65 0.27 0.23 0.44 0.06 -0.50
2-Methyl-1 -Pentene 0.09 0.05 0.45 0.06 0.03 -0.61 0.05 0.01 -0.72
Hexane 0.94 0.59 0.24 0.57 0.20 -0.32 0.49 0.07 0.38
Methylcyclopentane 0.40 0.25 0.59 0.27 0.13 0.35 0.21 0.03 -1.05
2,4-Dimethylpentane 0.13 0.09 1.50 0.07 0.03 0.25 0.06 0.01 -1.57
Benzene 1.06 0.58 0.95 0.58 0.15 -1.13 0.72 0.13 1.15
Cyclohexane 0.17 0.14 0.69 0.10 0.05 -0.63 0.09 0.08 2.22
2-Methylhexane 0.56 0.32 1.39 0.38 0.17 0.27 0.22 0.03 -1.33
2,3 -Dimethy lpentane 0.27 0.16 1.36 0.14 0.05 -0.17 0.11 0.02 -0.28
3-Methylhexane 0.60 0.36 1.25 0.38 0.16 0.21 0.26 0.04 -1.12
2,2,4-Trimethylpentane 0.49 0.36 1.56 0.14 0.04 -0.94 0.22 0.08 0.97
Heptane 0.36 0.20 0.40 0.20 0.06 -0.44 0.20 0.03 -0.40
Methylcyclohexane 0.19 0.15 1.09 0.08 0.03 -0.13 0.08 0.02 1.08
2,3,4-Trimethylpentane 0.18 0.12 1.61 0.05 0.02 -0.78 0.06 0.02 0.65
Toluene 12.82 12.66 1.52 4.13 1.20 -1.10 2.70 0.70 0.38
2-Methylheptane 0.17 0.09 0.31 0.10 0.05 0.53 0.08 0.01 -0.58
3-Methylheptane 0.63 0.98 2.17 0.17 0.13 1.31 0.07 0.01 -1.02
Octane 1.53 2.92 2.23 0.30 0.36 2.19 0.11 0.03 0.59
Ethylbenzene 0.87 0.44 1.14 1.07 1.06 2.06 0.52 0.40 2.13
m,p-Xylene 2.76 1.46 1.21 3.56 4.10 2.11 1.55 1.55 2.19
Styrene 0.07 0.03 0.29 0.04 0.01 0.62 0.31 0.62 2.24
o-Xylene 0.80 0.41 1.16 0.89 0.79 1.97 1.36 2.34 2.23
Nonane 0.21 0.06 0.44 0.09 0.02 -1.41 1.88 3.91 2.24
iso-Propylbenzene 0.04 0.02 0.94 0.03 0.02 0.63 0.66 1.40 2.24
n-Propylbenzene 0.17 0.08 0.47 0.11 0.05 0.23 3.85 8.25 2.24
3-Ethyltoluene 0.44 0.22 0.52 0.28 0.13 0.28 11.64 24.91 2.23
4-Ethyltoluene 0.21 0.11 0.27 0.12 0.05 0.12 6.18 13.24 2.23
1,3,5-Trimethylbenzene 0.21 0.10 0.22 0.13 0.06 0.27 6.57 14.02 2.23
2-Ethyltoluene 0.18 0.08 0.22 0.12 0.05 0.19 5.49 11.69 2.23
1,2,4-Trimethylbenzene 0.72 0.35 0.20 0.45 0.22 0.41 22.99 48.53 2.23
Decane 1.80 2.92 2.21 0.39 0.57 2.21 5.60 11.72 2.23
1,2,3-Trimethylbenzene 0.15 0.06 0.36 0.11 0.05 0.56 4.01 8.34 2.23
1,3-Diethyl benzene 0.03 0.01 0.39 0.02 0.01 0.52 0.53 1.06 2.22
1,4-Diethyl benzene 0.12 0.05 0.48 0.07 0.03 0.25 1.40 2.71 2.22
Undecane 0.35 0.14 1.24 0.18 0.11 1.98 1.77 3.08 2.18
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Summer P41 n=5 P42 n=5 P44 n=5
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.55 1.45 2.03 1.18 0.42 1.96 1.24 0.70 1.96
Acetylene 0.61 0.30 1.44 0.66 0.21 0.28 0.61 0.14 1.97
Ethane 4.52 2.97 1.05 3.01 1.39 0.75 2.37 0.36 0.62
Propene 0.51 0.48 2.07 0.43 0.16 1.18 0.52 0.27 2.20
n-Propane 4.81 4.99 1.74 3.30 1.39 1.43 3.22 0.58 0.16
Iso butane 3.05 2.59 0.34 1.41 1.02 1.85 1.06 0.43 0.76
1-Butene 0.30 0.25 1.91 0.25 0.04 0.01 0.29 0.07 -0.26
n-Butane 4.36 3.65 1.96 2.96 1.59 2.16 2.48 0.88 1.38
t-2-Butene 0.18 0.16 1.98 0.05 0.02 1.77 0.06 0.01 -0.19
c-2-Butene 0.13 0.11 1.96 0.05 0.02 1.53 0.05 0.01 0.37
Isopentane 5.74 5.58 1.99 3.53 2.87 2.19 2.90 0.43 0.33
1-Pentene 0.07 0.04 1.41 0.06 0.02 1.71 0.07 0.01 -0.29
n-Pentane 2.82 2.36 1.88 1.81 1.22 2.22 1.98 0.31 0.44
Isoprene 1.34 1.30 0.96 0.37 0.17 0.70 0.47 0.14 0.65
t-2-Pentene 0.32 0.26 2.03 0.07 0.04 1.84 0.10 0.02 0.03
c-2-Pentene 0.12 0.09 1.96 0.03 0.02 1.76 0.05 0.01 0.06
2,2-dimethylbutane 0.11 0.08 1.90 0.08 0.04 1.92 0.12 0.01 -0.61
Cyclopentane 0.17 0.13 1.81 0.13 0.08 2.13 0.21 0.03 -0.23
2,3-Dimethylbutane 0.21 0.16 1.82 0.15 0.09 2.10 0.17 0.02 -0.62
2-Methylpentane 0.97 0.92 2.03 0.56 0.40 2.18 0.81 0.08 -0.17
3-Methylpentane 0.83 0.68 1.85 0.53 0.34 2.16 0.54 0.06 1.02
2-Methyl-1 -Pentene 0.05 0.04 0.64 0.04 0.01 1.67 0.05 0.01 1.46
Hexane 0.96 1.02 1.87 0.58 0.53 2.21 0.61 0.09 -0.25
Methylcyclopentane 0.41 0.41 1.94 0.24 0.20 2.22 0.26 0.02 -0.08
2,4-Dimethylpentane 0.09 0.06 1.61 0.07 0.04 2.09 0.08 0.01 -1.36
Benzene 1.01 0.99 2.08 0.73 0.39 1.78 0.77 0.09 0.99
Cyclohexane 0.07 0.05 1.73 0.06 0.03 1.47 0.14 0.13 1.91
2-Methylhexane 0.41 0.25 1.40 0.30 0.14 1.77 0.28 0.03 1.83
2,3-Dimethylpentane 0.17 0.10 1.29 0.14 0.07 1.82 0.14 0.02 0.58
3-Methylhexane 0.39 0.24 1.30 0.30 0.14 1.72 0.35 0.03 1.20
2,2,4-Trimethylpentane 0.19 0.13 0.82 0.21 0.09 1.45 0.27 0.07 0.75
Heptane 0.20 0.12 1.09 0.16 0.08 1.67 0.26 0.02 -0.02
Methylcyclohexane 0.09 0.06 1.13 0.08 0.05 2.03 0.09 0.01 -0.45
2,3,4-Trimethylpentane 0.07 0.05 0.11 0.08 0.03 1.16 0.08 0.02 0.18
Toluene 4.60 2.51 0.56 5.88 7.49 2.20 4.47 0.65 1.13
2-Methylheptane 0.09 0.05 0.85 0.07 0.04 1.50 0.09 0.01 0.71
3 -Methy lheptane 0.11 0.05 0.33 0.08 0.03 2.15 0.09 0.01 0.60
Octane 0.11 0.05 0.24 0.11 0.04 1.83 0.14 0.06 2.10
Ethylbenzene 0.61 0.35 0.29 0.37 0.13 -0.12 3.33 4.56 1.62
m,p-Xylene 1.77 1.10 0.34 0.94 0.39 0.46 12.26 17.80 1.67
Styrene 0.06 0.04 0.39 0.04 0.01 0.97 0.04 0.01 0.89
o-Xylene 0.55 0.32 0.30 0.32 0.12 0.36 4.16 6.06 1.69
Nonane 0.11 0.07 0.93 0.08 0.04 1.71 0.10 0.02 1.40
iso-Propylbenzene 0.02 0.01 -0.25 0.02 0.00 0.29 0.06 0.04 1.52
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Summer P41 n=5 P42 n=5 P44 n=5
Species mean st dev skew mean st dev skew mean st dev skew
n-Propylbenzene 0.08 0.04 -0.31 0.07 0.02 -0.87 0.12 0.02 -0.19
3-Ethyltoluene 0.20 0.10 0.28 0.18 0.06 -0.68 0.31 0.05 0.40
4-Ethyltoluene 0.10 0.05 0.19 0.08 0.03 -0.56 0.17 0.03 0.50
1,3,5-Trimethylbenzene 0.09 0.05 -0.08 0.09 0.03 -0.33 0.15 0.02 0.16
2-Ethyltoluene 0.09 0.04 -0.03 0.08 0.02 -0.56 0.13 0.02 0.37
1,2,4-Trimethylbenzene 0.32 0.15 -0.05 0.27 0.10 -0.12 0.54 0.10 1.45
Decane 0.16 0.11 0.64 0.14 0.06 1.32 0.15 0.08 1.25
1,2,3-Trimethylbenzene 0.08 0.03 -0.51 0.07 0.02 0.84 0.11 0.02 1.20
1,3-Diethyl benzene 0.02 0.01 -0.25 0.01 0.00 2.09 0.02 0.00 1.20
1,4-Diethyl benzene 0.06 0.02 -0.57 0.06 0.01 1.92 0.10 0.02 0.94
Undecane 0.15 0.09 0.41 0.12 0.05 1.36 0.14 0.04 0.38
Summer P45 n=5 P46 n=3 P47 n=4
Species mean st dev skew mean st dev skew mean st dev skew
Ethene 1.27 0.41 1.26 1.42 0.93 1.70 1.32 0.41 -0.28
Acetylene 0.61 0.33 1.11 0.73 0.42 1.54 0.82 0.37 -0.13
Ethane 3.20 1.47 1.43 3.91 1.28 -1.32 3.16 1.21 1.84
Propene 0.39 0.07 0.58 0.66 0.45 1.52 0.42 0.09 -1.90
n-Propane 2.47 1.00 0.81 5.70 5.06 1.62 2.92 0.59 1.86
Iso butane 0.85 0.47 0.51 1.62 1.23 1.39 0.89 0.34 1.04
1-Butene 0.22 0.05 -1.03 0.39 0.30 1.71 0.20 0.05 0.33
n-Butane 2.55 1.71 1.41 3.99 2.99 1.73 2.18 0.78 1.12
t-2-Butene 0.05 0.04 0.43 0.14 0.12 1.73 0.06 0.03 0.74
c-2-Butene 0.05 0.03 0.30 0.11 0.10 1.73 0.05 0.03 0.90
Isopentane 2.18 1.87 1.38 6.18 4.94 1.73 2.32 1.53 1.67
1-Pentene 0.05 0.02 -0.11 0.10 0.10 1.73 0.04 0.02 1.76
n-Pentane 1.22 0.96 1.49 4.59 3.46 1.73 1.37 0.68 1.59
Isoprene 0.14 0.08 1.34 0.33 0.11 1.72 0.29 0.10 1.16
t-2-Pentene 0.06 0.05 0.58 0.20 0.20 1.73 0.07 0.04 0.85
c-2-Pentene 0.03 0.02 0.61 0.09 0.09 1.73 0.03 0.02 1.13
2,2-dimethylbutane 0.05 0.03 0.93 0.18 0.16 1.71 0.06 0.02 1.96
Cyclopentane 0.09 0.06 1.48 0.43 0.35 1.73 0.10 0.05 1.06
2,3-Dimethylbutane 0.10 0.06 1.20 0.30 0.29 1.73 0.11 0.05 1.60
2-Methylpentane 0.35 0.26 1.29 1.53 1.47 1.73 0.39 0.20 1.66
3-Methylpentane 0.34 0.24 1.09 0.95 0.85 1.73 0.40 0.20 1.88
2-Methyl-1 -Pentene 0.03 0.02 0.01 0.09 0.09 1.73 0.03 0.01 1.93
Hexane 0.30 0.18 1.12 0.97 0.86 1.73 0.39 0.28 1.98
Methylcyclopentane 0.12 0.08 1.13 0.40 0.39 1.72 0.16 0.10 1.81
2,4-Dimethylpentane 0.04 0.03 1.53 0.12 0.11 1.72 0.05 0.03 1.88
Benzene 0.53 0.22 1.37 1.11 0.79 1.69 0.60 0.20 1.47
Cyclohexane 0.07 0.02 0.51 0.11 0.10 1.70 0.06 0.03 0.13
2-Methylhexane 0.26 0.17 0.90 0.47 0.39 1.72 0.27 0.11 1.53
2,3-Dimethylpentane 0.12 0.08 1.13 0.23 0.19 1.73 0.12 0.06 1.50
3-Methylhexane 0.28 0.20 0.74 0.58 0.48 1.72 0.26 0.10 1.63
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Summer P45 n=5 P46 n=3 P47 n=4
Species mean st dev skew mean st dev skew mean st dev skew
2,2,4-Trimethylpentane 0.21 0.10 -0.66 0.36 0.37 1.71 0.21 0.08 -1.35
Heptane 0.16 0.11 0.77 0.41 0.32 1.72 0.14 0.06 1.36
Methylcyclohexane 0.06 0.03 0.82 0.15 0.12 1.65 0.06 0.03 1.05
2,3,4-T rimethylpentane 0.07 0.03 -0.96 0.11 0.12 1.72 0.07 0.03 -1.47
Toluene 2.72 1.91 1.57 10.00 8.00 1.42 3.05 1.63 0.76
2-Methylheptane 0.06 0.03 0.57 0.17 0.13 1.64 0.07 0.02 1.19
3-Methylheptane 0.06 0.03 1.29 0.16 0.13 1.66 0.07 0.03 1.08
Octane 0.08 0.04 0.48 0.25 0.18 1.28 0.09 0.03 0.00
Ethylbenzene 0.46 0.19 -0.14 0.93 0.79 1.70 0.62 0.25 -0.90
m,p-Xylene 1.13 0.60 1.21 2.68 2.32 1.71 1.16 0.37 -1.53
Styrene 0.04 0.02 -0.06 0.07 0.06 1.66 0.04 0.01 0.58
o-Xylene 0.40 0.19 1.13 0.86 0.73 1.72 0.34 0.11 -0.35
Nonane 0.06 0.03 0.77 0.17 0.13 1.57 0.07 0.02 1.53
iso-Propylbenzene 0.02 0.01 0.93 0.04 0.03 1.64 0.02 0.01 0.91
n-Propylbenzene 0.06 0.03 0.98 0.16 0.12 1.66 0.07 0.03 1.06
3-Ethyltoluene 0.13 0.08 0.93 0.44 0.36 1.65 0.15 0.07 0.91
4-Ethyltoluene 0.06 0.04 0.95 0.23 0.18 1.64 0.07 0.03 0.98
1,3,5-Trimethylbenzene 0.06 0.04 0.96 0.21 0.17 1.58 0.07 0.03 0.69
2-Ethyltoluene 0.06 0.03 0.80 0.18 0.14 1.59 0.07 0.03 0.97
1,2,4-T rimethylbenzene 0.19 0.12 0.96 0.80 0.64 1.55 0.25 0.08 1.76
Decane 0.09 0.05 0.48 0.27 0.22 1.72 0.15 0.10 1.60
1,2,3-Trimethylbenzene 0.05 0.03 1.03 0.17 0.13 1.64 0.07 0.02 0.65
1,3-Diethyl benzene 0.01 0.01 1.13 0.03 0.02 1.66 0.02 0.01 1.89
1,4-Diethyl benzene 0.05 0.02 1.10 0.14 0.09 1.67 0.06 0.02 1.49
Undecane 0.10 0.05 0.92 0.33 0.29 1.72 0.14 0.02 0.23
Summer P48 n=5 P49 n=4 P50 n=5 P51 n=4
Species mean st dev skew mean st dev skew mean st dev skew mean st dev skew
Ethene 1.34 0.44 2.17 0.52 0.36 0.32 1.56 1.03 1.81 1.02 0.85 0.00
Acetylene 0.66 0.07 -0.35 0.25 0.13 -0.03 0.76 0.45 1.84 0.42 0.30 0.24
Ethane 2.57 0.57 -0.44 1.63 0.69 -1.80 2.56 0.98 0.32 2.27 1.23 0.22
Propene 0.58 0.16 2.08 0.36 0.15 1.74 0.77 0.78 2.03 0.50 0.17 0.26
n-Propane 3.77 0.54 -0.40 2.81 1.98 1.86 3.92 2.48 1.24 4.83 2.78 0.00
Iso butane 1.30 0.34 0.65 0.83 0.32 1.44 1.04 0.74 0.84 1.07 0.29 0.25
1-Butene 0.35 0.06 0.70 0.24 0.06 1.46 0.52 0.61 2.11 0.25 0.05 0.01
n-Butane 2.31 0.62 2.19 2.72 0.79 1.22 2.29 1.41 1.40 2.41 0.82 0.34
t-2-Butene 0.05 0.01 0.01 0.08 0.01 0.00 0.07 0.05 0.88 0.06 0.02 1.65
c-2-Butene 0.04 0.01 0.89 0.07 0.01 -1.46 0.06 0.05 1.30 0.05 0.02 1.32
Isopentane 3.91 0.97 1.75 2.75 0.57 -0.18 3.11 2.15 1.26 2.69 0.83 1.40
1-Pentene 0.07 0.01 0.72 0.06 0.01 0.76 0.10 0.11 2.03 0.05 0.01 1.23
n-Pentane 2.44 0.25 0.41 1.94 0.56 0.25 1.80 1.12 0.78 1.86 0.62 0.52
Isoprene 0.45 0.18 0.78 0.39 0.02 0.09 1.92 1.41 1.36 0.14 0.03 0.55
t-2-Pentene 0.07 0.02 0.38 0.13 0.04 -0.06 0.12 0.08 0.39 0.08 0.04 1.16
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Summer P48 n=5 P49 n=4 PS0 n=5 P51 n=4
Species mean st dev skew mean st dev skew mean st dev skew mean st dev skew
c-2-Pentene 0.03 0.01 0.56 0.06 0.02 0.15 0.05 0.03 0.37 0.04 0.02 1.00
2,2-dimethylbutane 0.14 0.02 -1.26 0.09 0.02 -1.26 0.10 0.05 0.19 0.10 0.03 1.20
Cyclopentane 0.26 0.01 -1.38 0.17 0.06 1.67 0.17 0.09 -0.30 0.16 0.06 0.94
2,3-Dimethylbutane 0.22 0.02 -0.21 0.16 0.03 -1.27 0.17 0.09 0.32 0.18 0.07 1.67
2-Methylpentane 1.00 0.10 -0.93 0.84 0.20 -0.16 0.72 0.45 -0.12 1.09 0.52 1.52
3-Methylpentane 0.65 0.09 0.22 0.58 0.13 -0.90 0.55 0.31 0.70 1.21 0.70 1.58
2-Methyl-1 -Pentene 0.07 0.02 0.11 0.06 0.01 1.31 0.07 0.08 1.81 0.06 0.02 1.80
Hexane 0.74 0.11 -0.16 0.63 0.18 -1.04 0.55 0.32 0.25 2.66 2.10 1.50
Methylcyclopentane 0.31 0.05 -0.70 0.25 0.06 -1.91 0.25 0.14 0.20 0.65 0.46 1.52
2,4-Dimethylpentane 0.10 0.02 1.16 0.07 0.02 -1.65 0.07 0.04 0.38 0.08 0.03 0.27
Benzene 0.96 0.13 0.41 0.60 0.12 0.12 0.84 0.49 0.52 0.73 0.15 0.72
Cyclohexane 0.17 0.12 0.67 0.11 0.07 0.12 0.08 0.06 1.19 0.12 0.05 -0.22
2-Methylhexane 0.57 0.58 2.22 0.32 0.07 -1.40 0.32 0.18 1.76 0.43 0.13 0.54
2,3 -Dimethylpentane 0.26 0.23 2.20 0.15 0.03 -1.68 0.15 0.08 1.75 0.20 0.05 -0.76
3-Methylhexane 0.75 0.83 2.23 0.39 0.09 -1.10 0.34 0.21 1.67 0.51 0.12 0.24
2,2,4-Trimethylpentane 0.34 0.12 0.76 0.21 0.07 -0.04 0.21 0.11 0.90 0.29 0.07 -0.43
Heptane 0.57 0.59 2.23 0.27 0.07 -0.87 0.21 0.11 0.03 0.31 0.07 -0.19
Methylcyclohexane 0.14 0.02 1.67 0.10 0.04 0.53 0.10 0.04 0.38 0.13 0.04 0.21
2,3,4-Trimethylpentane 0.10 0.03 0.55 0.06 0.02 0.59 0.08 0.04 1.53 0.09 0.03 -0.20
Toluene 5.37 2.31 1.95 3.48 1.06 0.43 5.33 5.19 2.23 4.02 1.22 1.90
2-Methylheptane 0.12 0.02 0.94 0.09 0.02 0.74 0.09 0.04 0.33 0.11 0.03 -0.66
3-Methylheptane 0.12 0.03 1.61 0.09 0.03 0.06 0.09 0.04 0.95 0.10 0.03 0.49
Octane 0.17 0.02 -0.64 0.12 0.04 0.23 0.11 0.04 0.64 0.15 0.03 -0.47
Ethylbenzene 0.63 0.12 1.67 0.47 0.15 0.46 0.57 0.32 1.48 0.68 0.17 1.10
m,p-Xylene 1.73 0.42 1.90 1.31 0.43 0.32 1.49 0.97 1.60 1.82 0.50 0.97
Styrene 0.09 0.06 1.24 0.03 0.02 -0.54 0.11 0.15 2.22 0.06 0.02 1.60
o-Xylene 0.54 0.09 1.46 0.43 0.12 0.40 0.49 0.29 1.37 0.57 0.14 0.93
Nonane 0.13 0.02 0.78 0.10 0.04 -0.03 0.10 0.05 1.83 0.11 0.03 1.99
iso-Propylbenzene 0.04 0.01 0.10 0.02 0.00 -0.50 0.03 0.01 1.47 0.03 0.01 0.02
n-Propylbenzene 0.14 0.04 0.91 0.09 0.01 -0.29 0.09 0.05 1.58 0.16 0.09 1.41
3-Ethyltoluene 0.38 0.13 1.11 0.21 0.04 -0.91 0.23 0.12 1.50 0.45 0.31 1.64
4-Ethyltoluene 0.21 0.07 1.11 0.11 0.02 -1.60 0.11 0.06 1.12 0.23 0.16 1.67
1,3,5-Trimethylbenzene 0.19 0.07 0.99 0.10 0.02 -1.95 0.11 0.06 1.51 0.21 0.14 1.51
2-Ethyltoluene 0.17 0.06 0.96 0.09 0.02 -1.11 0.10 0.05 1.45 0.16 0.09 1.32
1,2,4-Trimethylbenzene 0.73 0.28 0.98 0.38 0.08 -1.75 0.37 0.20 1.02 0.67 0.37 1.17
Decane 0.22 0.08 1.22 0.18 0.05 -1.44 0.14 0.09 1.96 0.19 0.04 0.93
1,2,3-Trimethylbenzene 0.15 0.04 0.56 0.08 0.02 -1.76 0.10 0.05 1.27 0.12 0.03 0.00
1,3-Diethyl benzene 0.03 0.00 -0.54 0.02 0.01 -0.93 0.02 0.01 0.78 0.02 0.01 1.33
1,4-Diethyl benzene 0.12 0.01 -0.86 0.08 0.02 -0.81 0.08 0.03 -0.15 0.10 0.02 0.65
Undecane 0.29 0.09 0.72 0.20 0.05 1.45 0.20 0.12 1.66 0.22 0.06 0.29
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APPENDIX C 
Species Histograms of Sample Variability
Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Winter
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Histograms of Species Distribution: Summer
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Histograms of Species Distribution: Summer
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Histograms of Species Distribution: Summer
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Histograms of Species Distribution: Summer
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Histograms of Species Distribution: Summer
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Histograms of Species Distribution: Summer
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Histograms of Species Distribution: Summer
Methylcyclohexane [|jg/m3]
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Histograms of Species Distribution: Summer
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Histograms of Species Distribution: Summer
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Histograms of Species Distribution: Summer
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Histograms of Species Distribution: Summer
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W inter D ata: P ercen tage S ou rce C ontribution  E stim ates
D iesel
%
Std
E rr. %
G asoline
%
Std
E rr. %
L iq .
G as %
Std
E rr. %
V ap. 
G as %
Std
E rr. %
C N G
%
Std
E rr. %
PI 2.48 0.89 11.05 5.67 7 .17 4.29 10.52 3.15 23.97 5.06
P2 4 .70 1.28 15.54 6.45 4.52 4.97 10.96 3.41 27.84 5.82
P3 2.60 1.00 18.85 7.12 -3.13 5.70 22.74 5.01 20.85 4.55
P4 2 .27 0.89 12.50 6.09 6.93 4.61 12.24 3.49 25.96 5.55
P5 2 .32 0.90 13.95 5.79 6.26 4.35 10.57 3.16 27.03 5.74
P6 3.68 1.12 15.94 5.96 4.43 4.55 11.59 3.37 25.85 5.51
P7 4 .60 1.35 27.69 7.23 -0.31 5.83 16.04 4.39 25.05 5.20
P8 3.25 1.06 13.55 5.51 3.92 4.14 8.75 2.84 27 .29 5.79
P9 2.53 0.99 18.35 6.32 7.43 4.81 10.50 3.46 25 .36 5.19
P10 4.18 1.22 19.06 6.59 8.09 5.11 11.71 3.86 20.28 4.36
P l l 2 .30 0.93 15.76 6.48 9.92 5.03 12.55 3.80 24 .07 5.06
P12 5.17 1.34 13.14 6.11 1.89 4.77 12.24 3.43 27 .86 6.16
P13 4 .10 1.23 17.74 6.37 4.93 4.91 10.54 3.59 24.00 5.03
P14 4 .37 1.19 13.73 6.37 4.38 5.09 18.21 4.18 27.45 5.78
P15 1.45 0.80 14.17 6.36 11.63 4.99 12.51 3.82 21.31 4.47
P16 5.43 1.38 15.34 6.44 -0.78 5.19 19.97 4.35 27 .10 5.81
P17 3.43 1.20 20.49 6.43 -1.12 5.04 10.42 3.54 30.42 6.27
P18 3.35 1.14 17.08 6.34 3.89 5.03 13.68 3.99 22 .17 4.76
P19 3.27 1.00 11.20 5.79 6.30 4.37 11.45 3.25 26.12 5.69
P20 3.96 1.15 21.73 5.64 4.07 4.46 11.59 3.50 19.96 4.30
P21 12.22 2 .56 17.29 6.60 2.73 5.05 12.18 3.58 24 .34 5.36
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W in ter  D ata: P ercentage Source C ontribution  E stim ates
L P G  %
Std
E rr. %
B iogen ic
%
Std
E rr. %
Ind. 
R ef. %
Std
E rr. %
A rch
%
Std
E rr. %
C oke
O ven
%
Std
E rr. %
PI 4.09 2.22 0.07 0.04 11.92 3.86 8.66 4.05 5.50 1.39
P2 4.02 0.25 0.09 0.04 17.77 4.52 3.67 3.47 5.86 1.59
P3 5.13 2.28 0.05 0.04 19.39 6.03 7.92 4.57 5.61 1.43
P4 5.03 2.50 0.06 0.04 13.00 4.21 7.08 3.91 4.79 1.35
P5 2.81 2.24 0.07 0.04 12.01 3.91 8.00 3.94 5.07 1.38
P6 4.28 2.38 0.07 0.04 13.65 4.24 10.30 4.46 5.30 1.48
P7 3.83 2.34 0.10 0.05 21.40 5.31 6.04 4.38 5.46 1.62
P8 4.13 2.44 0.06 0.04 12.72 3.72 11.76 4.66 5.78 1.49
P9 3.47 2.21 0.08 0.04 13.61 4.14 11.23 5.08 5.71 1.52
P10 5.70 2.31 0.07 0.04 16.87 4.93 9.37 4.99 6.08 1.64
P l l 3.35 2.13 0.21 0.05 13.60 4.42 11.13 5.19 4.43 1.40
P12 4.52 2.61 0.06 0.04 17.50 4.49 6.22 3.61 5.16 1.49
P13 3.57 2.21 0.07 0.04 18.45 4.74 10.01 4.79 5.41 1.55
P14 4.61 2.51 0.08 0.04 11.86 4.70 6.60 4.20 5.97 1.61
P15 3.98 2.04 0.19 0.05 12.31 4.26 11.27 5.24 6.10 1.48
P16 5.22 2.61 0.06 0.04 13.09 4.81 9.94 4.59 4.84 1.57
P17 4.61 2.79 0.07 0.05 23.37 4.89 3.04 3.21 4.45 1.42
P18 5.71 2.42 0.07 0.04 17.15 4.92 13.82 5.57 6.29 1.60
P19 3.95 2.35 0.06 0.04 11.26 3.88 6.50 3.63 5.30 1.41
P20 6.10 2.33 0.12 0.04 13.65 4.10 8.81 4.52 5.29 1.47
P21 4.66 2.39 0.08 0.05 12.97 4.25 10.25 4.90 4.27 1.94
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Winter Data: Percentage Source Contribution Estimates
Diesel
%
Std
Err. %
Gasoline
%
Std
Err. %
Liq.
Gas %
Std
Err. %
Vap.
Gas %
Std
Err. %
CNG
%
Std
Err. %
P22 4.87 1.39 26.94 7.20 -0.38 5.78 14.91 4.27 24.09 5.03
P23 3.54 1.06 9.30 5.95 9.66 4.50 10.51 3.21 25.47 5.39
P24 3.20 1.01 16.99 6.44 0.47 5.41 25.58 5.21 25.28 5.18
P25 5.35 1.44 24.99 7.18 1.12 5.76 15.92 4.38 24.66 5.18
P26 4.48 1.28 19.92 6.73 9.57 5.23 11.20 3.84 21.60 4.65
P27 10.73 2.34 18.57 6.97 0.34 5.49 12.26 4.07 21.76 4.57
P28 3.37 1.09 17.34 6.26 3.12 4.86 11.65 3.46 27.98 5.83
P29 7.40 1.77 14.09 6.76 4.05 5.52 14.36 4.55 18.24 3.90
P30 3.39 1.09 15.44 5.72 2.81 4.43 10.95 3.27 24.54 5.22
P31 3.40 1.13 25.89 7.25 0 .2 0 5.99 22.27 5.11 22.07 4.67
P32 2.82 1.00 12.35 5.87 5.09 4.41 9.70 3.13 24.90 5.34
P33 3.21 1.09 20.60 6.33 2.35 5.04 15.84 4.15 20.54 4.41
P34 3.16 1.03 15.19 5.10 2.28 3.96 9.18 2.87 21.97 4.69
P35 4.70 1.32 21.74 6.78 1.33 5.35 13.37 3.89 25.43 5.33
P36 3.32 1.08 13.50 6 .2 2 6.16 4.83 14.59 3.76 24.72 5.27
P37 0.96 0.62 19.03 4.15 -0.30 3.37 8.07 2.59 1 0 .2 2 2.11
P38 3.64 1.08 15.72 5.96 5.70 4.51 9.64 3.11 24.59 5.25
P39 3.26 1.08 17.35 5.97 2.70 4.62 12.10 3.52 25.54 5.45
P40 3.13 1.04 13.21 6.19 4.40 4.78 13.41 3.68 24.52 5.26
P41 3.38 1.51 18.93 12.00 18.85 8.28 11.65 5.75 19.56 16.52
P42 2.82 0.99 16.82 5.95 3.77 4.55 11.34 3.46 2 2 .6 6 5.01
P43 4.67 1.27 9.58 6.28 6.53 4.74 12.31 3.43 27.12 5.57
P44 4.72 1.27 14.47 6.44 4.82 4.99 13.34 3.62 28.23 5.80
P45 5.40 1.38 16.25 6.26 2 .0 0 5.06 16.83 4.04 27.89 5.77
P46 6.21 1.52 16.08 6 .6 8 6.17 5.38 17.35 4.27 26.45 5.45
NAPS 13.18 2.71 15.90 5.48 -3.62 4.48 17.00 3.84 8.65 1.97
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Winter Data: Percentage Source Contribution Estimates
LPG %
Std
Err. %
Biogenic
%
Std
Err. %
Ind. 
Ref. %
Std
Err. %
Arch
%
Std
Err. %
Coke
Oven
%
Std
Err. %
P22 4.14 2.35 0.09 0.05 22.61 5.30 6.21 4.33 5.52 1.62
P23 2 .1 0 2.04 0.08 0.04 10.74 3.71 10.33 4.52 5.40 1.48
P24 2.04 1.99 0 .1 0 0.04 9.56 5.12 10.96 5.27 5.34 1.50
P25 3.63 2.30 0 .1 0 0.05 21.36 5.39 4.30 4.14 5.70 1.68
P26 4.55 2.18 0.09 0.04 14.58 4.44 9.06 4.99 5.24 1.59
P27 3.21 2 .1 0 0.07 0.05 22.93 5.37 11.61 5.55 4.11 1.84
P28 3.39 2.42 0.08 0.04 17.65 4.46 5.10 3.59 4.83 1.43
P29 8 .86 2.79 0.08 0.05 18.44 5.18 14.58 6.10 6.41 1.84
P30 8.28 2.98 0.06 0.04 16.28 4.26 8.26 3.99 5.46 1.46
P31 3.55 2 .1 0 0.11 0.05 18.47 5.55 6.91 4.87 5.17 1.50
P32 5.96 2.60 0.06 0.04 15.16 4.09 9.17 4.08 6.36 1.51
P33 6.03 2.39 0.08 0.04 17.52 5.04 11.12 5.01 4.97 1.45
P34 10.35 3.19 0.06 0.04 13.55 3.74 10.97 5.58 5.61 1.41
P35 6.21 2.72 0.09 0.05 20.45 4.98 4.63 3.80 5.32 1.56
P36 3.56 2.21 0.07 0.04 12.86 4.42 14.71 5.61 4.74 1.48
P37 2.47 1.17 0.08 0.03 14.68 3.41 -0.63 5.30 3.27 0 .8 6
P38 7.73 2.87 0 .1 0 0.04 14.56 4.02 6.29 3.77 4.84 1.41
P39 6.76 2.78 0.06 0.04 16.40 4.63 7.07 3.85 5.60 1.47
P40 4.08 2.29 0.06 0.04 15.44 4.48 10.73 4.60 5.09 1.43
P41 8.79 4.70 0 .1 0 0.06 34.27 8.01 16.70 8.01 10.33 2.44
P42 7.93 2.82 0.06 0.04 15.83 4.59 7.54 3.93 5.25 1.37
P43 3.89 2.37 0.06 0.04 11.58 4.10 8.55 4.16 9.46 1.92
P44 3.88 2.47 0.07 0.04 14.45 4.40 7.52 4.12 5.89 1.63
P45 3.87 2.45 0 .1 0 0.05 14.39 4.69 7.23 4.19 6 .0 0 1.67
P46 2.60 2.17 0 .1 0 0.05 11.88 4.65 7.20 4.58 7.69 1.96
NAPS 4.92 1.53 0.04 0.05 10.44 3.84 9.90 4.46 1.46 1.74
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Sum m er D ata: P ercentage Source C on trib u tion  E stim ates
D iesel
%
Std Err.
%
G asoline
%
Std Err.
%
L iq.
G as %
Std Err.
%
V ap.
G as %
Std Err.
%
C N G
%
Std Err.
%
PI 7.38 1.75 27.93 5.94 -3.64 5.61 30.10 6.30 10.89 2.41
P2 9.21 2.04 22.82 6.24 12.74 5.69 15.95 4.87 12.94 2.91
P3 11.26 2.39 27.39 6.23 -1.25 5.24 17.52 4.58 15.44 3.41
P4 5.61 1.67 22.00 4.80 -4.05 6.35 47.07 8.95 7.45 1.68
P5 6.21 1.59 29.84 5.79 -4 .17 5.93 34.91 7.19 9.76 2.16
P6 7.31 1.87 30.85 5.89 5.36 5.33 19.15 4.98 9.45 2.16
P8 7.47 1.87 29.65 5.93 -4 .84 5.25 20.44 5.16 19.95 4.21
P10 5.47 1.55 24.57 5.03 1.89 6.79 49.73 9.62 4.97 1.18
P l l 6.70 1.66 17.10 6.42 2.13 5.30 22.39 4.97 18.17 4.06
P12 9.77 2.17 31.48 6.54 -4 .02 5.89 24.29 5.71 17.14 3.63
P13 9.35 2.25 33.30 6.15 1.92 5.32 16.06 4.68 13.84 3.04
P14 54.08 10.16 0.97 13.25 3.22 10.19 28.77 8.14 12.16 2.78
P15 15.60 1.43 10.55 6.21 7.88 6.46 34.89 7.63 9.49 2.13
P16 60.05 10.75 11.39 13.14 -0.47 10.04 18.78 7.04 6.09 1.63
P17 4.29 1.17 20.53 4.34 22 .44 5.66 30.96 7.10 12.83 2.77
P18 7.81 1.91 19.34 4.81 12.45 5.55 26.55 6.31 12.73 2.75
P20 11.56 2.55 31.32 6.81 0.10 6.28 28.06 6.42 8.57 2.02
P21 7.50 1.90 28.82 5.85 -1 .86 5.75 27.65 6.19 14.06 3.03
P22 12.21 2.54 30.64 6.66 3.00 6.11 22.66 5.86 10.29 2.32
P23 8.79 2.04 30.76 6.23 0.41 6.24 33.82 7.17 7.00 1.67
P25 7.97 1.99 30.57 6.11 1.61 5.73 24.64 5.93 10.60 2.36
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Summer Data: Percentage Source Contribution Estimates
LPG %
Std Err.
%
Biogenic
%
Std Err.
%
Ind. 
Ref. %
Std Err.
%
Arch
%
Std. Err
%
Coke
Oven
%
Std Err.
%
PI 4.50 1.56 0.82 0.15 12.00 5.49 15.33 6 .6 8 4.68 1.88
P2 6.49 2.08 0.69 0.14 16.63 4.94 17.68 7.52 2.50 1.79
P3 14.25 3.75 0.77 0.15 18.18 5.08 13.27 5.91 5.17 2.14
P4 5.93 1.59 0.76 0.15 2.17 5.43 35.91 11.38 2.35 1.97
P5 4.01 1.37 0.96 0.18 8.46 5.31 26.50 9.05 3.23 1.79
P6 5.39 1.65 0.39 0.09 11.06 4.31 18.52 7.68 3.21 1.70
P8 5.43 2.28 2.08 0.37 19.20 5.65 17.47 6.59 3.88 1.69
P10 4.18 1.21 0.31 0.08 10.72 6.27 34.40 11.90 0.37 1.89
P ll 5.92 2.17 0.91 0.16 9.32 5.01 17.26 6.40 4.41 1.64
P12 3.44 1.80 1.24 0.23 18.83 5.82 18.63 7.24 4.31 2.08
P13 3.60 1.60 1.25 0.24 15.17 4.67 17.72 7.83 3.51 1.91
P14 2.59 1.62 0.67 0.19 16.20 7.44 13.31 9.56 2.21 5.82
P15 5.70 1.71 0.66 0.14 7.87 5.41 29.08 10 .2 2 0.74 2.30
P16 6.03 1.90 1.99 0.39 11.44 5.53 5.97 8.78 0.84 6 .1 2
P17 5.04 1.69 2.56 0.46 4.90 4.90 16.33 8.52 0.61 1.52
P18 6.05 1.94 0.78 0.15 11.26 4.86 25.24 9.48 2.55 1.90
P20 8.38 2.32 1.37 0.26 20.50 6.09 14.38 7.11 3.58 1.93
P21 5.13 1.84 1.35 0.26 12.40 5.13 28.93 9.70 3.60 1.96
P22 7.61 2.23 0.86 0.16 19.90 5.68 18.77 8.04 4.16 2.08
P23 8.42 2.25 1.40 0.25 19.56 6.21 15.51 7.65 3.42 2.03
P25 6 .66 1.98 1.17 0 .2 2 15.26 5.28 21.04 8.19 6 .2 0 2.15
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Summer Data: Percentage Source Contribution Estimates
Diesel
%
Std Err.
%
Gasoline
%
Std Err.
%
Liq.
Gas %
Std Err.
%
Vap.
Gas %
Std Err.
%
CNG
%
Std Err.
%
P26 11.01 2.39 27.03 5.80 16.83 5.77 18.07 5.42 6.47 1.55
P27 16.96 3.31 12.72 6.41 8.04 5.90 24.19 6.08 8.97 2.03
P28 11.57 2.37 30.24 6.53 1.65 5.90 23.44 5.61 11.89 2.62
P29 11.72 2.42 21.60 5.65 4.74 5.20 22.16 5.18 13.76 2.97
P30 4.52 1.47 27.51 5.74 -3.12 5.63 32.40 6.70 13.01 2.87
P31 18.26 3.75 26.32 7.16 3.20 6.23 23.21 5.68 9.36 2.16
P32 7.32 1.74 21.31 5.03 4.98 5.15 24.16 5.84 9.30 2.09
P33 6.57 1.78 32.47 6.02 11.99 5.66 11.52 4.53 10.73 2.43
P34 8.48 1.97 27.27 5.56 7.85 5.15 17.00 4.92 10.16 2.25
P35 2.79 0.78 18.68 3.29 3.71 2.67 5.11 1.87 5.07 1.15
P36 10.08 2.19 22.50 5.46 5.69 5.57 29.31 6.42 12.60 2.78
P37 16.41 3.24 17.65 6.47 4.97 6 .0 2 26.25 6.08 12.40 2.74
P38 10.28 2.43 26.26 5.75 3.73 5.48 23.37 5.61 10.01 2.21
P39 9.37 2.13 12.22 4.49 8.09 4.55 17.74 4.77 14.10 3.01
P40 15.50 3.40 4.49 3.65 1.24 2.77 4.86 1.95 2.57 0.63
P41 6 .02 1.55 24.36 5.21 -6.40 5.42 30.76 6.77 12.65 2.76
P42 6.49 1.82 31.47 6.37 -6.50 5.80 26.19 5.99 11.32 2.56
P44 6.09 1.33 19.79 4.12 -0 .2 0 3.80 16.09 3.75 5.77 1.35
P45 7.03 1.71 22.63 5.76 2.37 4.93 20.52 4.73 15.20 3.39
P46 10.67 2.35 2 2 .8 8 5.79 0.97 5.97 32.62 6.85 8.55 1.95
P47 9.87 2.09 27.11 6.38 -1.68 5.36 2 1 .2 0 4.90 14.43 3.21
P48 13.90 2.75 28.27 6.91 10.67 6.49 2 0 .0 0 6.03 7.76 1.84
P49 12.36 2.65 16.59 5.72 2 0 .2 0 5.88 19.69 5.89 6.95 1.59
P50 9.39 2 .1 2 31.94 6.21 -4.69 5.50 22.28 5.24 8.40 1.96
P51 10.69 2.30 24.68 5.78 18.88 5.55 8.83 4.72 7.23 1.71
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Summer Data: Percentage Source Contribution Estimates
LPG %
Std Err.
%
Biogenic
%
Std Err.
%
Ind. 
Ref. %
Std Err.
%
Arch
%
Std. Err
%
Coke
Oven
%
Std Err.
%
P26 9.15 2.32 0.53 0.11 15.24 4.84 16.09 8.16 4.06 2.26
P27 6.51 1.97 5.26 0.94 20.70 6 .1 0 17.05 7.71 1.19 2.36
P28 7.16 2.15 0.66 0.13 14.61 5.14 19.40 7.87 5.63 2.25
P29 10.22 2.82 0.69 0.15 10.94 4.50 20.81 8.09 3.37 2.16
P30 5.63 1.83 4.35 0.78 9.43 5.26 25.33 8.62 3.15 1.69
P31 3.63 1.34 2.33 0.42 8.47 4.41 19.45 8.08 3.33 2.59
P32 J 9.89 2.65 0.71 0.15 22.70 5.84 18.89 7.64 3.83 1.70
P33 4.24 1.51 0.42 0.08 13.05 4.15 15.03 7.42 3.05 1.64
P34 4.29 1.51 0.66 0.14 14.33 4.57 20.70 9.18 2.93 1.77
P35 4.03 1.09 0.46 0.08 4.89 1.88 4.75 3.12 2.95 0.77
P36 7.74 2.25 0.81 0.17 9.76 4.99 16.92 7.50 2.80 1.76
P37 6.69 2.08 1.09 0.21 11.94 5.02 25.02 9.20 2.74 2.44
P38 2 .6 8 1.17 0.31 0.08 8.74 4.40 27.26 10.04 3.38 2.06
P39 6.77 2 .2 2 2.63 0.47 20.13 5.52 13.99 6.23 1.46 1.53
P40 2.06 0.65 0.73 0.14 4.81 1.78 1.77 2.45 -0.90 1.83
P41 6.90 2.19 2.73 0.49 2 1 .6 8 6 .66 19.33 7.26 4.53 1.82
P42 7.13 2 .1 0 1.06 0.21 15.41 5.72 32.33 9.85 4.67 1.95
P44 4.82 1.37 0.90 0.17 12.95 3.66 13.40 5.21 3.01 1.20
P45 6.18 2.07 0.52 0 .1 0 10.64 4.55 15.63 6.39 4.43 1.70
P46 7.66 2.09 0.53 0 .1 2 12.84 5.43 30.65 10.23 3.27 2.24
P47 7.44 2.30 1.02 0.18 11.66 4.71 17.70 6.79 4.08 1.84
P48 7.23 2.05 1.08 0.21 18.57 5.58 15.73 8.04 3.21 2.26
P49 7.48 2.07 1.28 0.24 20.76 5.55 14.72 7.90 3.02 2.40
P50 8.70 2.29 5.05 0.92 13.09 4.81 23.78 8.17 4.17 1.86
P51 10.70 2.79 0.35 0.08 25.10 5.59 10.45 6.89 1.67 2.06
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APPENDIX E 
Seasonal Variability Calculations
Winter "Low" Sites (n=15)
Diesel
Exh.
Gasoline
Exh.
Vap.
Gas CNG
Ind.
Ref.
Arch.
Coat
P01 P01 P02 NAPS P02 P02
P02 P02 P05 P02 P05 P03
P03 P04 P08 P03 P08 P12
P04 P08 P12 P12 P12 P14
P05 P12 P17 P17 P14 P17
P15 P14 P19 P18 P16 P19
P17 P16 P20 P20 P19 P25
P19 P19 P28 P29 P21 P28
P28 P23 P30 P30 P23 P35
P30 P30 P32 P32 P32 P37
P32 P32 P34 P33 P38 P38
P38 P40 P38 P38 P39 P39
P39 P42 P39 P39 P42 P42
P40 P43 P42 P40 P43 P44
P42 P44 P44 P42 P44 P45
# sites also "Low" for at least 
2  other sources 12 10 13 10 11 11
% of total "Low" sites 80.0 66.7 86.7 66.7 73.3 73.3
mean % of 6  sources 74.4
# winter "Low" sites present 
in summer 14 13 14 14 13 14
# sites "Low" in summer and 
winter 5 5 2 4 1 5
% winter "Low" sites "Low" 
in summer 35.7 38.5 14.3 28.6 7.7 35.7
mean % of 6  sources 26.7
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Winter "High" Sites (n=16)
Diesel
Exh.
Gasolin 
e Exh.
Vap.
Gas CNG
Ind.
Ref.
Arch.
Coat
NAPS NAPS NAPS P07 NAPS NAPS
P07 P07 P03 P09 P07 P08
P10 P09 P07 P10 P09 P09
P13 P10 P10 P ll P10 P10
P21 P ll P ll P13 P ll P ll
P22 P13 P13 P15 P13 P13
P24 P22 P15 P22 P22 P15
P25 P24 P16 P23 P24 P18
P27 P25 P22 P24 P25 P23
P29 P26 P24 P25 P27 P24
P31 P27 P25 P27 P29 P27
P35 P31 P27 P31 P31 P29
P37 P35 P31 P36 P33 P33
P43 P37 P36 P37 P35 P34
P45 P41 P37 P43 P37 P36
P46 P46 P46 P46 P41 P41
# sites also "Low" for at 
least 2  other sources 13 16 14 13 15 10
% of total "Low" sites 81.3 100.0 87.5 81.3 93.8 62.5
mean % of 6 sources 84.4
# winter "Low" sites 
present in summer 12 12 13 12 12 13
# sites "Low" in summer 
and winter 5 5 4 3 4 4
% winter "Low" sites 
"Low" in summer 41.7 41.7 30.8 25.0 33.3 30.8
mean % of 6 sources 33.9
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Summer "Low" Sites (n=15)
Diesel
Exh.
Gasolin 
e Exh.
Vap.
Gas CNG
Ind.
Ref.
Arch.
Coat
P01 P02 P02 P02 P02 P02
P02 P ll P03 P16 P04 P03
P08 P14 P ll P20 P ll P ll
P ll P15 P13 P23 P15 P16
P17 P16 P16 P26 P16 P20
P21 P27 P26 P27 P17 P23
P23 P29 P29 P35 P29 P26
P30 P30 P33 P40 P30 P35
P33 P36 P35 P42 P31 P36
P35 P37 P39 P44 P35 P39
P41 P39 P40 P45 P36 P40
P42 P40 P45 P48 P37 P45
P44 P45 P47 P49 P45 P47
P45 P47 P49 P50 P47 P49
P47 P49 P51 P51 P50 P51
# sites also "Low" for at least 2 
other sources 5 11 11 7 9 12
% of total "Low" sites 33.3 73.3 73.3 46.7 60.0 80.0
mean % of 6  sources 61.1
Summer "High" Sites (n=15)
Diesel
Exh.
Gasolin 
e Exh.
Vap.
Gas CNG
Ind.
Ref.
Arch.
Coat
P10 P04 P04 P05 P08 P04
P12 P05 P05 P08 P10 P05
P14 P06 P10 P ll P12 P10
P15 P10 P12 P12 P14 P12
P16 P12 P14 P13 P22 P15
P22 P13 P15 P14 P23 P17
P27 P17 P17 P17 P25 P18
P28 P21 P18 P18 P27 P21
P31 P22 P21 P21 P28 P25
P34 P25 P23 P25 P32 P28
P37 P28 P25 P28 P34 P32
P38 P33 P32 P33 P39 P34
P40 P34 P38 P38 P41 P38
P46 P38 P41 P39 P46 P42
P48 P46 P46 P41 P51 P46
# sites also "Low" for at least 2 
other sources 9 12 14 10 10 14
% of total "Low" sites 60.0 80.0 93.3 66.7 66.7 93.3
mean % of 6  sources 76.7
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